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THE AUTHOES' PEEFAOE. 



In tlie present work, the " Principles of PLarmaceutieal 
Materia Medica " {Grundlugen der Pharma^ieuiuchen Waor- 
renkiinde), by F. A. Fliiekiger, published in 1873, apj^ar 
in a revised form, and materially extended. In this second 
edition, the above-named author has undertaken cluefly tlie 
preparation of the first part, and the newly associated autlior 
(A. Tschirch), the second part, comprising morphology and 
anatomy, so tliat really a new book has been produced. Al- 
though the original plan has been essentially retained, the 
arrangement of the material within the more extended space 
has» nevertheless, necessitated numerous changes. 

It seemed to us appropriate in this revision to also take into 
consideration those crude substances of the vegetable kingdom 
possessing an organic structure which receive technical appli- 
cation. On the other hand, zoology has now been but inci- 
dentally considered, for the reason that pharmacognosy has to 
treat of only a very limited number of animal substances. 

With regard to the classification of tissues, we have thought 
it proper to follow Ilaberlandt's " Physiological Plant 
Anatomy " {Phyaiologischs Pfl<inzenanatomie\ Leipzig, 1884, 
which, besides tlie anatomical consideration of tissues, also 
elucidates their physiological functions. In our capacity as 
teachers, we have acquired the experience that an anatomical 
description becomes of much more interest to the pupil by a 
reference to physiological relations. Although the system 
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of physiological plant anatomy in its details is still in need of 
completion and general recognition, the outlines of the same 
appear to us, nevertheless, to be suflSciently well defined to 
be able to serve, in the manner intimated, as a foundation. 

In one point, however, we have departed from Haberlaudt's 
classification. The cell, its contents, and its membrane have 
been treated by us in a more complete manner, and placed be- 
fore the tissues. This deviation recommends itself for practi- 
<3al and didactic reasons ; for the beginner must be instructed 
regarding the cell and its contents before learning anything of 
the tissues. The substances contained in the cell also possess 
too great an interest for the pharmacognosist to be inserted 
in the text simply in a secondary manner. 

A second change, as already intimated, is that we have like- 
wise made a place for teclmico-microscopical investigation, of 
which every one will approve who takes into consideration the 
extent to which the apothecary of our day is called upon as an 
■expert. In order to aid in furthering this service of phar- 
macy, which is of general interest, we have, for example, 
treated more thoroughly of starch and the textOe fibres. 

In the morphological portion, which has experienced a 
complete transformation, we have endeavored to give a 
brief sketch of the most important phenomena, whereby 
the technical expressions in present use have received explana- 
tion, especially those, which occur in the deservedly widely 
distributed Syllabus of Eicliler. Here, as in the anatomical 
portion, we have drawn the narrowest boundaries, since the 
present work does not pretend to be a complete text-book or 
manual. Nevertheless, some few sections which are of im- 
portance to pharmacy have received relatively somewhat 
greater development and more precise adaptation, as for ex- 
ample, that relating to the receptacles for secretions. A chap- 
ter on the galls has also been newly inserted. 

In the selection of the woodcuts, we have chiefly considered 
the drugs and crude substances of technical application. The 
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same applies to the selection of examples from anatomy and 
morphology. The one hundred and four illustrations of the 
first edition have, for the most part, been again introduced, al- 
though increased by thirty-seven illustrations sketched by the 
newly associated author, as also by a number borrowed from 
other works, the names of which, as a rule, have been men- 
tioned. With some of the illustrations which were placed at 
our disposal by the publishing house of Springer, it has not 
each time been stated whether these were derived from the 
works of Hager, Hartig, or Moller. Very often we were also 
obliged to content ourselves by referring to still other illustra- 
tions, for example, to the plates of the liandsome anatomical 
atlas by Berg. 

It has likewise been our endeavor, through abundant cita- 
tions of the literature, to be of service to those members of the 
profession who may desire more complete information. Al- 
though not every one will be in a position to refer to the 
sources of information cited by us, we nevertheless wished, on 
the one hand, to show that we have endeavored to utilize the 
best and most recent acquisitions upon the wide field of the 
auxiliary sciences, and, on the other, we hope thereby to afford 
an impulse in many directions. The latter purpose was par- 
ticularly kept in view with regard to the section devoted to tha 
history of drugs. Thk Authors. 

Strassburg and Berlin, May, 1885. 
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The generally acknowledged importance of the study of 
pharmacognosy as a branch of useful knowledge, and the con- 
stantly increasing recognition of its extended practical, as well 
as scientific applications, will doubtless afford to all who are 
conversant with the subject a sufficient vindication for the pro- 
duction of an English version of a work which bears, as its 
highest commendation, the names and impress of its distin- 
guished authors. 

The work here presented will doubtless at once indicate the 
aim and the scope of the science of pharmacognosy, and 
clearly demonstrate its intimate connection on every hand with 
chemical, botanical, and microscopical science, as also the im- 
pulse afforded for the further investigation of points of his- 
toric interest and a more extended knowledge of the geograph- 
ical or climatic and commercial relations of vegetable products 
in their varied applications, either as medicinal remedies, as 
food, or in the arts. 

However important the consideration of the physiological 
action and therapeutic uses of drugs may be from the stand- 
point of medical science, it is evident that this alone should 
not suffice for the professional pharmacist or for pharmaceuti- 
cal students, who should be instructed in the science of phar- 
macognosy in its broadest sense. It is thus to be hoped that 
the principles outlined in the work in question may serve to 
broaden the exposition of the organic materia medica in the 
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directions intimated, and to secure for the same a still wider 
recognition and better appreciation of its usefulness. 

In the preparation of this edition, the translator has been 
kindly favored by Professor Fliickiger with a few additional 
notes, which have been suggested by the advances in literature 
or in the related sciences during the short period which has 
elapsed since the publication of the German edition, and a list 
of the illustrations occurring in the work has also been ap- 
pended. 

The translator may finally be permitted to state that he has 
endeavored to preserve in this edition not only the form, but 
also the attractiveness of the original work, and while attempt- 
ing to follow the original as closely as was consistent or possi- 
ble, has spared no pains to maintain accuracy of diction and 
the correct rendition of many newly adopted technical terms. 

That the work may accomplish the mission designed by its 
authors, receive to some degree the appreciation which it 
merits, and be made available to a larger circle of readers, was 
the highest purpose and the chief desire attending the labor 
which the translator has been permitted to bestow. 

University op Wisconsin, Madison, January, 1887. 
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THE MISSION OF PHARMACOGNOSY. 

The substances which are employed medicinally for their 

remedial action are either the products of human skill or they 

belong directly to the two organic natural kingdoms. Among 

the medicinal substances formed through chemical operations 

we meet, indeed, with such as are produced only by certain 

definitely conducted chemical or physical processes, as, for 

example, the acids, iodine, bromine, chloral, phenol, glycerin, 

alcohol, and the alkaloids, be it that chemical industry starts 

from materials belonging to the inorganic kingdom, or that its 

first point of departure, as in the two last-named examples, falls 

within the circle of organic nature. In some rare cases only 

(mineral waters, for instance) is it sufficient to merely choose a 

suitable form for that which nature offers ready for use; more 

frequently chemical skill is directed toward the isolation of 

active principles from plants (exceptionally also from animals 

or animal substances, or from the mineral kingdom), and to the 

separation of these principles from associated substances, or, 

in other words, to their purification. In all these cases the 

object is to place at the disposal of medical science bodies which 
1 
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are sharply characterized m a chemical sense, or, briefly stated, 
chemical units; for only such substances as are at all times ac- 
cessible and complete in their identity can afford a sure founda- 
tion for scientific medicine and pharmacy. In this direction 
lies the aim of the future. 

Medicinal agents of this kind are outside of the sphere of 
pharmacognosy. By general concurrence in pharmaceutical 
circles, there are assigned to it those substances which are di- 
rectly furnished by nature, or at least such as have not actually 
been submitted to chemical processes. Since the few cinide medi- 
cinal substances from the mineral kingdom which were em- 
ployed in former times have long ago lost their significance, the 
scientific knowledge which pharmacognosy has to offer is con- 
fined to organic nature, or virtually only to the vegetable king- 
dom; for even among the animals, and the parts and products 
of animals, only castor, mush, and cantharides represent at the 
present time important elements as medicinal agents. In the 
'Cantharides cantharidin alone is of importance, which now 
stands at the disposal of medical science in a pure form. Phar- 
maceutical interest in the beetle itself is therefore diminished in 
a similar manner as it is, at least from this standpoint, in the 
animals which afford cod-liver oil, honey, isinglass, and milk- 
sugar. 

The wonderful development of the natural sciences and of 
medicine, which exerts so great an influence, especially 
since the second decade of the present century, has liberated 
pharmacognosy of an enormous burden. In a pharmaceutical 
work which was first published at Ulm in the year 1641, under 
the title " Pharmacopoeia medico- chy mica sen Thesaurus phar- 
macologicns,*' by the city physician Johann Christian Schroder, 
of Frankfurt-on-the-Main, and which in its time was much 
valued, the author also enumerated the ''simplicia*' then em- 
ployed. Among these there were about thirty minerals, and 
more than one huiulred and fifty medicinal substances derived 
from the animal kingdom or representing entire animals, to- 
gether with a very large number of roots, herbs, leaves, etc. 
Such a superfluity of medicinal agents, with all of which it was 
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impoE^Ible to become acciinitely acquainted, characterizes the 
medicine and pharmacy of the European middle ages ' and the 
condition of popular medicine still existing among the Asiatic 
natione. 
The primary object of modern pharmacognoey ia to Bcrutinixe 
I til the evidence offered by botany, zoology, and pharmacy re- 
^rding the medicinal agents under consideration, to arrange 
tbie material in scientific form, and by an appropriate and com- 
prehensive representation to subject it to a closer examination. 
It is only by this means that pharmacognosy assumes tiie form 
t of a branch of knowledge nhich is of equal importance to both 
I pharmacy and medicine. Upon a thorough acquaintance with 
I' medicinal substances, and their proper treatment, the practical 
|''<occes& of pharmacy is largely dependent, so that a deeper study 
1 of the science of pharmacognosy may reasonably be expected of 
r the pharmacist. Ko will tliereforo confer honor upon himself 
and his profession if he advances somewhat farther even than is 
tinaToidably required by his immediate interests. It is, how- 
«Ter, scarcely possible to sharply define the boundary between 
the daily round of duties and scientific studies, and, indeed, this 
||!e not only impracticable, but even undesirable. 

Pliarmacognoay should therefore comprehend, to a certain 
K degree, all that pertains to a monographic knowledge of medi- 
■ OiDal substances.' The consideration of these substances from 
1^6 above- outlined standpoint of natui-at science is to be aupple- 
ftaented by purely historical and geographical references, and 
Piuch as are connected with the history of civilization, together 
twitb commercial relations. AJl this should be made to assume 
Ka rich, animatefl, and symmetrical form which, in many cases, 
y become quite attractive. Among this copious material, how- 
^vrer, those characters must be prominently pointed out which 
leatl to a rapid, approximate valuation, whenever it is 

'Compare "Die Frankfurter Liate"in Archiv der Pharni.. 301 (1873). 
*p|>. 483-611, and '• Das NOrdlinger Inventar," ibid.. 2U (1877), p, 8T, 

' The aims of inodera pharmacognosj liave recently been thorouglil; 
Sxplained in the easaj: " 0eber die Bedeutung der Pliarmacognosie als 
WiSBenschurt, etc.," by A. Tsuliirch, Pharm. Zeitung, 18H1, No. 0. 
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practicable to do this^ without resorting to an actual chemical 
analysis. In an accurate knowledge of the nature of medicinal 
substances lies^ indeed, the best protection against substitution 
and adulteration. 

The most important property of medicinal substances, how- 
ever, is their medicinal action, yet this must remain excluded 
from pharmacognostical consideration, for it has become the 
subject of an independent scientific discipline, viz., pharma- 
cology. From apparent practical reasons it will, indeed, occa- 
sionally be found advisable, especially in the case of particularly 
interesting substances, to at least allude to their therapeutic 
action. That these two domains present many points of contact, 
and that pharmacology receiver especial support from scientific 
pharmacognosy, in fact, that it presupposes a knowledge of the 
latter, is clearly evident. In England, France, and other coun- 
tries, the two expressions. Pharmacology, which treats of the 
therapeutic action of medicinal substances, and Pharmacognosy, 
which comprehends a scientific knowledge of the substances 
themselves, are occasionally employed in a sense different from 
that which has just been indicated. It must be admitted that 
the tenor of the two words expresses no sharp distinction.* 

With regard to the chemical side of pharmacognosy, it is 

necessary to restrict it within certain limits. It is doubtless 

quite as appropriate that the properly isolated constituents of 

drugs should be enumerated and characterized, as that it should 

be stated, or at least intimated, where material deficiencies occur 

in this direction, which it is desirable to supply. An exhaustive 

treatment of the chemical constituents, however, falls within 

the domain of chemistry, or pharmaceutical chemistry. 

* Schmiedeberg, in his ** Qrundriss der Arzneimittellehre," Leipzig, 
1883, says: **Ttie science which treats of medicinal substances (Arznei- 
mittellehre) has only to do with such agents as are useful in the curing 
of disease. It is, therefore, desirable that all substances which do not 
serve as food, and which, through their chemical properties, produce 
changes in the living animal organism, should, in order to investigate 
these effects, be brought within the borders of a single science, which 
may be called Pharmacology, or, since it is chiefly supported by experi- 
ment. Experimental Pharmacology ^ 
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Accordingly, the aim and position of pharmacognosy appear 

definitely outlined when, beside the qnestious which it has 

to answer, the bonndariea are also drawn beyond which it 

should not pass. It is thus to be understood, when on page 

■4, with a less exact expression, meutioii was made of a " certain 

I'degree" of completeness. 

In the fostering of pharmacognosy, botanists and physicians in 

former times have rendered service, aided, indeed, occasionally 

by apothecaries.' The most brilliant of such services on the 

MTl uf physicians was brought to a close by the publication in 

V>ndon, 1839 and 1840, of "The Elements of Materia Medica 

nd Therapeutics " by Jonathan Pereira; for, in the mean time, 

Ai9 separate and more thorough treatment of pharmacognosy in 

lie previously explained direction had been taken in hand by 

Ij'pluirmaciBts, and at the earliest period, and with by far the 

[greatest success, by Guibourt, the former teacher of this branch 

of science at the Ecole de Pharmacie in Paris." Similar, though 

less promiuent results were accomplished in Germauy by 

Johann Bartholomaens Trommsdorff, of Erfurt, through hia 

"Handbnch derpharmaeeutischen Waarenkunde,"Gotha, 1823, 

" particularly, also, by Theodor Wilhelm Christian Martina. 

1 his "Ornndriss der Pbarmukognosie dea PHanzenreiches," 

b-langen, 1822, Martius aaya that pharmacognoay is to be re- 

Iprded as " a part of general materia medica, or that science which 

lat«3 to the examination of the medicinal substances derived 

I the three kingdoms of nature witli a view to ascertain 

Itbeir source and quality, to test them for their purity, and to 

< Examples in FIQcklger's " Pliarniakognosie." 3d edition, p. 1,013 

hres); p. 992 (Uorgan); p. 200 (Baiisa). 

* As preouraors of Guibourt mny be mentioned N'icholaa L^mery. 

Bthor of the " Trait* uoirersel de» Drogues et Simples,'" 1897, und 

■demie Frangois Geoffro.Y, whose " Tructalus de Materia Medica" ap- 

111741. These two Parisian apothecaries were, however, more 

roperly recognised as physicians. The " Histoire generals des 

," 1604. which is bbewiite to some extent worthy of consjdera- 

PMod. has as its author the drug|i;lBt Pierre Pomet. The three above- 

I named publications demonstrate liow much pharmacot^nosy was at thai> 

I lime indebted to Paris. 
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determine substitutions and adulterations." In the year 1825, 
Martius began to deliver lectures on pharmacognosy at the 
University of Erlangen, which were the first, as it appears, that 
were announced under this name. The credit of having aided 
in securing general approbation for the new expression jp^artwa- 
cognosy * is due to the writings and lectures of Wiggers (see 
below). 

The question, however, now arises: what is a medicinal sub- 
stance ? To attempt to give a more precise definition is useless, 
for this term has been undergoing a continuous change in the 
course of time and in the light of advancing knowledge, not 
only from the period of antiquity, but also from country to 
country, and, indeed, from one medical school to another, from 
one pharmacopoeia to another. We are compelled here to assume, 
as it were, an intermediate standpoint, and to select those sub- 
stances of importance which are employed within the circle of 
observation available to us. That which has alreadv been con- 
signed to oblivion, or is only very rarely employed, and especially 
that which is no longer used by scientific medicine, deserves less 
attention than new drugs which may be presumed to have a 
valuable future. From a pharmaceutical standpoint, however, 
consideniblo interest mav still be attached to manv substances 
even thouirh they find but little medicinal application at the 
prt^sent time. With regard to Xux vomica, Santonicay Radix 
BeUadonmr^ GaUiF, and Podophi/lhtm, by way of example, a 
sc^ientitically educated ]>harnuicist will desire to be satisfactorily 
informal, even when these crude substances shall have become 
biinishini from medicinal use to a much greater extent than is 
at pri^sont the case. • In pn.>|K>rtion as sirychninCf santonin, 
atropine^ etc., become of greater importance in their medicinal, 
or foRMisic and technical relations, a corresponding attention 
should Ik^ jmid to their deri\^tion. Xeither;>f/>/>^r, nor piperine 

* It iKVuni also a8 the prinoi(Vil title: ** Pharraakognostiche Tabel- 
len'* in the fifth tniitioii of Joh. Christ, Ebermaier's " Tabellarische 
Uelx»rsiohtoii tier KeiuiEeioheii iter Aechiheit und GQte, etc., der 
Arxnoiiuittel." lieiiixi^. lSv>T. The first eiiilion of this work appeared in 
1S04, but whether under the alx>ve title is not known to us. 
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or ])iperi(linG play an importaut part in modern medicine, 
although the former constituted for cent uriea theraoBt important 
of all Bpices, and still maintainti, as a cjsndiment, a prominent po- 
sition in the world's commerce. Pharmacognosy would not 
completely fulfil its mission if such circumstances were not taken 
into oousideration; and a similar statement might be made 
regarding cncao, tea, coffee, coca, cola, ffuarana, and mttl4. 

Important medicinal substances become more clearly intelli- 
gible when they are compared with others which may in them- 
selves be insignificant; and lierein also lies both a demand and a 
tiGcation for phiirmucognosy to occasionally extend its do- 
in in an npparentiv unnecessary manner. Thus the so-called 
a Cinchuiin barks for a longtime presented only subordi- 
intereat, but the consideration of their structure was 
idinirably adapted for the demonstration of the varying pwuli- 
ities of those barks which alone furnished quinine and the 
~ allied alkaloids until the Cinchoiui cuprea ap[)eared in the mar- 
ket (since 1880), and proved that these bases are by no means 
confined to the Inie Cinchona barks. 

Hence there are various considerations which are liable to 
extend tiie compassof pharmacognosy. On the other hand, there 
are cases where substances which apparently belong here may be 
permitted to remain unconsidered. This may occur in such 
:, for instance, where chemistry alone is capable of affording 
an exhaostive characterization. In the fats, wax, volatile oils, 
and the several varieties of sugar, the purely chemical properties 
[ are of such eminent importance that pharmacognosy can only in 
I exceptional cases find motives to complete their characteristics in 
other directions. This task must be relegated to those depart- 
ments which concern themselves with the chemico- technical or 
commercial knowledge of such products, for even the latter has 
for Bome years past likewise experienced the most substantial 
sdvanoement. ' The latter has been materially aided by the 

' See Wiesner. ■■ Die Rohstoffe des Paaiizenreiches." Leipzig, 1873, and 
the collective work begun in 1883 b; Beneilikt and eight associales, 
'•Allgemeine Wasren- urid Bohatofflehre," CiiaHel and Berlin, FiBcliijr. 
The fifth volume represenca " Die Niihmags- und Geuussmitt«l aus il«ni 
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earlier deTelopment of pharmacognosy^ while, inyersely, pharma- 
cognosy receives at the present time many impulses from com- 
mercial relations, as an example of which may be quoted the fact 
that it has to derive statistical and other information relating to 
important drugs from consular reports. An abundant supply 
of such information is especially offered in the semi-annual re- 
ports of the firm of Gehe & Co., of Dresden, which may regu- 
larly lie obtained from the booksellers. 

Only such things fall within the sphere of pharmacognostical 
^xmsideration as cannot, for our purpose, be suflBciently investi- 
gated by a single science. With regard to many leaves, flowers, 
HeeAfif and fruits, it may indeed be contended that botany is 
<;afiable of affording a sufficient description ; it is, however, 
rfflEulily to be observed that pharmaceutical requirements demand 
tbf; consideration of other than purely botanical properties. The 
/;harigeH which occur on drying, chemical qualities, commercial 
reJationif, and historical facts are all equally worth knowing, 
and <rall forth the discriminating and classifying ability of phar- 

It muMt, however, be admitted that the limitation and treat- 
m^^nt of objects of pharmacognostical study are rather arbitrary. 
Pbarma/jognosy is by no means a branch of knowledge with 
Kharply defines] boundaries, and herein, in fact, lies the nature, 
Httfl prolmbly also a special charm of the science, that it enlists the 
aid of M;v<;ral diHciplines for the single purpose of acquiring a 
tftoH', thorough knowledge of the crude substances employed as 
tut'AWmal HftfiUtH, or of parts of plants or products which are 
oihi-rwim important from the standpoint of pharmacy. 

3^finr$r^ir*sifih/' by T. F. Hanausek, 1884, pp. 485. With one hundred 
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In most casea, the following points prominently present them- 
I eel res: 

I. Naming the plant (or the animal) from which the sub- 
[ stance is derived. 

Here it happens not infrequently that a consideration of the 
I synonyms is iudispensahlc in order to avoid misunderstanding; 
f lor if we revert no farther back than to the time of Linuf', we 
rAometimes meet with plants which, since then, have been 
j Tarionsly named by botanists. Thus, for iusiance, Hagetna 
iMbt/nsinica Willdeuow (1790), Bankesia abygsinica Bruce (1799), 
Tlind Jiraj/era anthebmntica Kunth (1824), designate the tree 
' which fnrniBhea us the hoosso. Linufi, in 1737, represented the 
clove tree under the name of Caryojihylhts arrtmaiicus, hut Tbun- 
berg, in 1.88,- named it Eugenia earyophyllata, properly at- 
taching it to the genua Eugenia, which had existed since the 
year 17^9. Many examples of this character are to be fonnd in 
the families of the Umbelliferse, Compositie, and Lahiatte. 
Since the end of the preceding century, tlie mother-plant of the 
etUumba root has received half a dozen, and the nabaelilla plant 
four names. On the other hand, the same name has occasion- 
ally been bestowed upon different plants. Thns Linnli's Crolon 
Casearilln is a different shrub from that so named by Bennett, 
and the Crolon Ehtttrin of the latter, which furnishes the 
cascariVa bark, is not the same tree as that iutended by Swartz 
nnder the same name. A similar condition exists with refer- 
«nce to Cassia lanceolala, nnder which name Nectonx nnder- 
atood the present Cassia ar.utifoUa, Delile, Wight, and Amott 
[ the C. angustifolia of Vahl, while Forskal'a C. lanceolata is 
[ identical with C. Sophera L. Pliny had already made a dis- 
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tinction between the Norway Spruce Fir,* Picea, and the- 
Silver Fir,^ Abies ; but Linn6, in 1753, transferred the name 
Finns Abies to the first-mentioned, which, in 1771, was again 
reversed by Duroi. The tree which furnishes kamala has re- 
ceived in the course of time the following names: Croton philip- 
pense Lamarck (1786), Echinus philippensis Loureiro (1790), 
Rottlera tinctoria Roxburgh (1798), Mallotus philippinensis 
MuUer Argov. (1862), and Echinus philippinensis Baillon 
(1865). 

Of some few drugs the mother-plants have not yet been ascer- 
tained with perfect certainty. For example, we do not know 
precisely whether liheum officinale Baillon furnishes most or all 
of the commercial Radix Rhei, Equally unsatisfactory is our 
knowledge of the plants which afford asafmtida, sarsaparilki, 
oHbanum, elemi, copaiva balsam, galbaniim, ignatia seeds, and 
Levant soap-root. The origin of tragacanth, of Asiatic saUp, 
and of condurango bark has also not yet been determined with 
sufficient accuracv. 

II. Geographical distribation of those plants which are of 
importance in pliarmacy. 

However little of striking significance this subject may pre- 
sent from a practical point of view, it highly merits consideration 
in a scientific treatment of the topic. The representation of 
a pharmaceutically import!int plant is only then. truly satisfac- 
tory when we are also informed regarding its habitat or the 
extent of its cultivation. The sources from which this knowl- 
edge is to he obtained are, in the first place, the floras of indi- 
vidual countries, works on plant geography,' and narratives of 
travel. Since many officinal plants are among those that have been 
longest employed by man, or are distributed over large tracts of 
territory, or are at least generally known, they find incidental con- 

* Fichte or Rothtanne of the Germans. 

* Weisstanne or Edeltanne of the Germans. 

* A. I>e Candolle : ** Geographie botanique raisonnee," 1855, also " Ori- 
gine des Plantes cultivees," 1883. Grisebach : ** Die Vegetation der 
Erde nach ihrer klimatist*hen Anordnung," 187*2, — second edition, two 
vols., 1884. 



GEOGRAPHICAL DISTRIBITION OP IMPORTANT PLANTS. 11 

sideration iu the comprehensive works just mentioned. From 
a nurrower, pharmaceutical etandpoiot, an ilhieti'ative represen- 
tation of the distribution of officinal plants throughout the 
world has been undertaken by inecribing them upon a plani- 
sphere.' A survey of the respective plants is thus obtained, 
which, however, as may readily be conceived, has nothing to do 
with plant geogra}diy. The distribution or, more properly 
speaking, the selection of these plants can, at most, only in so 
f»r be considered as having taken place in a normal manner, as 
it goes hand in hand with the course of civilization. India, 
Persia, and the Mediterranean region, the primeval seats of 
cJvUizatiou. have, therefore, the prei>onderating number of 
officinal {dants to exhibit, Australia not a single one; the entire, 
cnormoas Arctic region perhaps only Polyporus officinalis and 
Laminarin, to which, if desired, Cetrarui inlandica might be 
added. A further objection to the graphic representation of the 
distribution of officinal plants may also be found in this, that 
the districts of production are mostly much more confined than 
the geographic area of the plants, because so many drugs, on 
iwcount of their limiteil nse, can play no considerable part in 
the wholesale trade. Oelmria isltindica, for instance, is col- 
lected for the drug trade in the mountains of Central Europe 
and the Alps, and not in the far North. Finally, the distribu- 
tion of useful plants is also dependent npon certain influences of 
cultivation. 

'Barber: "The Pharmaceucical or Medicii-hotanic-al Map of ilie 
"World," Londoo, 1866. The Bunie map is offered also by Fristedl. 
" Fharmako^Dstib Ctiarta &(ver jnrden." Upsala, 1870, aa likewise In 
the appendix to his " I^robok i organisk Pharmacologi," Upaala, 1878. 
The map projected by Svhelenz, in Arahiv der Pharm., Band 309 (1876), 
suffers from being oa altogether too emslJ a scale, although it considers 
only the plants of the Pharmacopcea Gernianica. Thia fault is avoided 
by Oudemans ill his "Handleiding tot de Pharmacognosie," Amster- 
dtun. 1680, since lie dedicates a special map to each of the Ave divisiona 
of the earth. If it is desired to go atill further, then the distribution of 
Mch individual plant must be brought upon a special map. This bas, 
(or iDslance. already been accomplished by Lloyd for HyiiraatU eana- 
dnuM in his " Drugs and Medicines of North America," Vol. I., No. 8, 
p, 82 ; also in the Pliarm. Rundschau, New York, p. 237. 
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III. CaltiTation of officiDal plants for medicinal purposes, or 
also for industrial applications. 

The Cinchonas of the East Indies, Jamaica, and other coun- 
tries; the poppy in Asia Minor, Bengal, and Malwa; the tobacco 
which is cultivated in all temperate and warm countries; the tea 
plant in Assam; the peppermint m Michigan; the cinnamon in 
Southern China and on the island of Ceylon; the liquorice in 
Calabria, Spain, and Moravia; the various species of Citrus 
(agrumi) in the Mediterranean region, California, and the West 
Indies; the coca in Bolivia and Peru; and the caca>o, extending 
from Mexico to Brazil, are examples of the transplantation and 
extensive cultivation of such useful plants, without mentioning 
at all the cotton plant, the Eucalyptus^ the sugar-cane, and the 
sugar-beet. In a less extensive amount, Althma, Angelica, Levis- 
ticum, fennel, and anise are cultivated in Thuringia, and cara- 
way near Halle; the latter two to a greater extent in Central 
Russia. Furthermore, the nmnna-ash in Sicily; the rose in Kis- 
anlik on the Balkan Mountains and in Southern England; pep- 
permint in the same locality; and Lobelia in the State of New 
York. Finallv the extended cultivation of odorous flowers, near 
Grasse in Provence,* which are, however, more largely employed 
in the art of perfumery. 

The English Government, through the prudent management 
of the large botanical gardens at Kew, near London, has pro- 
vided for the distribution of important useful plants in India 
and the Colonies. To these endeavors is due the establishment 
of the Cinchonis in India, while recentlv the same has been ac- 
oomplished with the ralum ha plant, ipecacuanha, jalap ^ and the 
trees which afford caoutchouc, gutta-percha, copaiva balsam, and 
cinnamon,* The results are still to be awaited, as are likewise 
those of similar endeavors on the part of the State Depart- 
ment of the United States. 

IV. Collection and Preparation. — The section which fol- 

> FlQckiger, Archiv der Pharm., 222 (1884), p. 468. 

♦Compare FlGckiger, ** Ueber den chinesischen Zimmt," in Arch, der 
Pharni.. 220 (1882). p. 835. Further, Brockmeier, "Ueber den Einfluss 
der engUschen Weltherrschaft auf die Verbreituug wichtiger Oultur- 
gew&ohse, nainentlioh in Indien.'* Disaertation, Marburg, 1884, pp. 66. 
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lows Inter mi (p. 139), relating to the liqoid contente of the 
I pluut cell, sbowB how great are Ihc changes prodnccd in the 
plant, aimply through the process of drving. It is evident that 
theee changes have hitherto not been, by far, sufficiently consid- 
ered.' They may often be anrmised through changes in odor, 
AB, for iustauce, iu the case of coriander, the underground por- 
tions of Orchis (salep), Irtu {orris rtiot), Verclriim and Acont- 
\ turn. OcGusionally the drugs assnme, upon drying, other col- 
tra. 

It IB of special importance to determine accurately the proper 
time fif cnl/ection of each plant., or of its officinal pai'te; for 
dnriug the life of a plant it does not at all times contain the 
sctive principles in equal amount — indeed, in many plants, cer- 
tain constituents are, at eome periods, entirely wanting. The 
time of collection is to be so chosen that the maximum amount 
of the desired auhstances is obtained. Quite independent, how- 
ever, of the impossibility of insuring this by watching the 
I ooUeotors, it must also bo admitted that our scientific knowledge 
^•of these conditions is still altogether too fragmentary. In 
B of /ii/i'n Digitalis, Folia Hynscyami, Fruclus Conii, 
VAer Colchici, Rhizoma FiUcia, and some tew otiier crude 
tegetahle substances, we are, however, in this respect well 
informed. 

Digitalis leaves are weaker in active constituents before the 

nriod of flowering than afterward, con83quently the leaves of 

Sie first year are to be entirely rejected. In the case of Hyoa- 

tj/antua, the leaves of the second year's growth are likewise 

referred, at least in England, Schroff, in 1870, showed that 

f foetus Conii contains the largest amount of eoniine immedi- 

( stely before the period of ripening. To the same investigator 

we are indebted for the proof that Tuber Cokhici is only active 

} ftt the flowering period of the plant. Rhizonta Filicis, according 

' to all experience, should only be collected in late summer. The 

[ ftbaolute age of the respective parts also comes often into con- 

nderation. Thus Radix Bellndonnm of the second or third year 

' Experiments worthy of notice relating to this subject have 

Klready been made by Scboonbrodt. SeeJahresberichlder Pharm., 1889, 

^ p. 20. 
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18 richer in atropine than that of seven years' or still older 
growth, which is probably chiefly caused by the fact that this 
alkaloid is mainly contained in the bark, and in older roots the 
latter is relatively less in amount than in younger; the constitu- 
ents of belladonna leaves are not so variable in amount.* The 
fact that many fruits and seeds before ripening contain starch, 
and afterwards more sugar, oil, and other substances, will be 
explained further on when we shall consider the subject of 
amylum. In the juice of Echallium Elaterium Richard, elate- 
rin occurs abundantly in July, but in September this powerfully 
drastic, crystallizable body is wanting therein.' Pepper^ cubebs, 
and cloves are richer in volatile oil before ripening; the Cinchona 
harks may occasionally be poor in quinine, or even contain none 
at all. 

It is self-evident that the quality of the soil must also have 
Vftftne influence upon the chemical development of the plant. 
Valerian root grown in dry localities is richer in volatile oil 
than that in moist ground, and in the case of Taraxacuniy the 
root, from a chemical point of view, shows great variations, ac- 
<xirding to locality and the time of year. The red Flores Mai- 
v(B become blue, and gentian root, which in the interior is purely 
white, becomes colored yellowish-brown, unless the water is 
abstracted from it with the most extreme care. Flores Rhoea- 
doH do not even then retain their color, while, on the other hand, 
the remarkable brown coloration of Flores Verbasci may easily 
\)tt avoided. The Cinchona barks also assume, during the pro- 
cew4 of drying, another color.* 

Still other changes occur when the drugs are scalded, or are 

• I>fort, Journ. de Pharm. et de Chim., XV. (1872), pp. 268, 421; 
Owrard, Pharm. Journ., XV. (18b4), p. 153. Compare further, Dragen- 
*\orfl, "Chemische Werthbestimmung stark wirkender Droguen/' 
Ht, P*fUirHburg, 1874. 

» K^Ailer in Buchner's Repertoriura der Pharm., XVIII. (1869), p. 590. 

» Th<f changes which the green coloring-matter of plants undergo 
u\Mm drying, and the ways and means to be resorted to in order to re- 
titu'Ai these changes to the smallest compass, have been thoroughly eluci- 
iiAUs'i by Tschirch: ** Einige practische Ergebnisse meiner Untersuchun- 
^irti (jJi^r das Chlorophyll der Pflanzen," in Archiv der Pharm., 222 
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i over an open fire, as with salep, jalap, curcvmOf and many 
Indian aconite tubers. This treatment manifsstB itself particu- 
larly by the starch assmning a paat.v form. The leaves of lea 
and mats, which are exposed to a light roasting process, suffer 
still more significant chemical changes. 

Mar»hvmllow rout, rhubarb, calamus, ginger, and pepper 
(white) are pared, in order to give them a better appearance, 
which, however, in the three latter cases is partly effected at 
the expense of tlie volatile oil. As a judicious form of treat- 
meut, on the contrary, is to be designated the so-called sweat- 
ing process of the carno; the slight fermentation which ie 
thereby produced destroys a bitter principle. 

V. CommercUl Relations. — A very limited number of the 
medicinal substances coming under consideration here claim a 
position in the world's commerce, and play a conspicuous part 
therein. In this category, opium should be placed in the first 
line, although really only about that portion of it which does 
not find medicinal application, viz.: the East Indian. Of the 
same rank are the Cinchona barks. Pepper, tea, cacao, tobacco, 
tugar. and matS, regarded as luxuries, and counted among the 
most important products, are soareely to be considered as drugs, 
which is more truly the case with ginger. Such drugs as are 
also technically employed, are usually of much greater import- 
ance in the latter respect. Catechu, colophonitim, dammar, 
dye-woods (logwood. Brazil-wood, etc. ), galls, gum arable, gutta- 
percha, lurpentiTte, etc., are employed, for example, in various 
industries in infinitely larger amounts than in pliarmaoy. Even 
for culinary purposes spices are much more largely employed 
thiui in pharmacy, notwithstanding the departure of modem 
taate from the former custom,to strongly season articles of food. 

The most valuable information in this department, viz,, sta- 
tistical records, are especially to be found in the voluminous 
pnblioatiouB (Blue-books) of the English Government, and, 
recently also, to an increasing extent, in those of the United 
States. Fnrtherraore, in the German " Handcls-Archiv," 
and in official tables relating to the commerce of France and 
other countries. 
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VI. Description of the drug itself according to external 
characteristics, the odor and taste, and, in the case of liquids^ 
also the specific gravity. Drugs provided with organic struc 
ture present many more points of observation for their exami- 
nation and description. 

VI r. The determination of the parts which here come under 
consideration, according to their organological importance. 
The general considerations relating to this subject are treated 
of in a subsequent morphological section. 

VIII. Microscopic structure of the drugs of organic con- 
struction. 

To this subject special sections of the present work are dedi- 
cated. Among those drugs in which development does not 
proceed from the activity of cell formation in the organism, or 
is not regulated in accordance with morphological laws, there 
are some (as for example: Aloe, Balsamum tolutanum, Benzo- 
inum, Catechu, Chrysarobmum, Elenti, Opium, Styrax, and 
Terehinthina communis) which, nevertheless, with reference to 
their crystalline constituents, call for microscopic examination, 
in the course of which polarized light renders essential service, 
because these crystals, on account of their double refraction, 
appear much more distinct under the polarizing microscope 
than when observed in ordinary light. 

IX. Cliemical constituents. — The enumeration and brief 
chanicterization of these principles essentially belongs to the 
functions of pharmacognosy. Under this heading are to be 
considered not only the principles peculiar to certain drugs, 
but also the more commonly distributed constituents of plants. 
Though their isolation and quantitative estimation forms the 
object of chemical analysis,* yet with the aid of micro-chemical 
reagents (see the concluding chapter of this book) it is possible 
to arrive in a short time at a series of valuable conclusions 
regarding individual constituents. This method of procedure 
especially affonls information in many cases regarding the loca- 
tion of important constituents in the tissue. 

* G. Dragendorff : **Die qualitative und quantitative Analyse von 
Pflanzen und Pflanzeutheilen.'* Gottingen, 1882 (see below, page 49). 
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. Nnbstitiittons nnd Atlulteratlons. — An aotiuaintanoe, 
haeeii on the preoediiig conBidoialions, with drugs poasessiiig aa 
orgutiio structure at oncu aSords the meiins for their exumina- 
tion. Wheu the structure of the respective snhstances has been 
rendered uiiditioernible in oonseqnenco of a fine degree of pul- 
TcriK-ition. the tusk is more diflficult. In such cases, the aid of 
chemical analysis must especially be sought. This is rendered 
still more necessHry when liquid drugs of variable compositioii 
are under consideration, as, for instance, Copaiva baUam, Peru 
balsam, Storax, and Turpentine. 

XI. History. — Tha knowledge of medicinal substances 
would remain incomplete if their history did not also receive 
consideration. T!ie investigation should extend to the time 
and place of first acquaintance with the mother-plant, to the 
time of the first medicinal employment of each single drug, and 
to its importance in Che world's commerce. Outside of the very 
narrow domain of pharmacy, the relations of drugs to agricul- 
tare, to domestic economy, and to various industries, should 
also be permitted to be indicated, in order to illustrate the part 
played by them among existing commodities. 

A thorough historical representation of pharmacognosy in 
this sense is still wanting; tJie preparatory labors that have aa 
yet been brought to light admit of the following preliminary 
aurvey.' 

1, The earliest application of the products of organic nature 
for medicinal purposes, as also for purposes of fumigation, re- 
fers to those countries where a higher intellectual life first 
became developed. In Egypt, numerous monuments of tha 
earlie.st times have been preserved, which prove an acquaintance 
with a number of drugs at a very remote period of antiquity. 
Illustrative representations on temple walls, which originated in 
the seventeenth century B. c, inform us of Egyptian sea voyages 
to the provinces of northeastern Africa and Arabia, which wore 
in part undertaken in order to procure ^«f«araAi'c,/r«ttii/icenj(«, 

' For appropriatD descriptions we are aUo indebted to Sch&r. " Die 
Altesten Uellintttel aus dein Orient." SchafTliausen, ISTT, |ip. 34, and 
" Ana der Geschiclit« der Gifte." Basel, 1883, pp. 48. 
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and myrrh. It is, indeed, possible that through these primeval 
trade relations spices and medicinal substances found their way 
to Egypt * even from southern and eastern Asia. In the 
inscriptions of temples,'' and in the rolls of papyrus, frequent 
reference is made to such things, the correct interpretation of 
which is still in part uncertain; only a few of them have actually 
Deen brought to light from burial-vaults.* Especially in the 
oft-recurring, but not corresponding recipes for Kyphi, a medi- 
cinal compound which served for manifold purposes, there occur 
a large number of drugs, as, for example, mastic, cardamom, 
curcuma, ladanum (resin of Cisfus ladaniferus) and fenugreeJc,* 
It will only be after a still more extended investigation of 
Egyptian antiquities that the extent of the knowledge in ques- 
tion among the ancient Egyptians can be established. Through 
their highly developed knowledge of agriculture they also 
engaged in the cultivation of several of the plants which here 
come under consideration, as, for example, coriander, feyiugreeJcy 
flax, poppy, ricinus, and sesame.^ 

> Dtlmichen, ** Die Flotte einer Sgyptischen Kdnigin," 1868, and 
** Historische Inschriften," 1869. Mariette-Bey, •* Deir-el-Bahari.'' 
1877. FlQckijcer, ** Pharmakognosie," second edition, pp. 6, 85, 41, 560, 
935. Schumann, *'Ziiumtl&nder," Gotha, 1884 (Supplement No. 78 to- 
Petermann's Mittheilungen). 

' DQmichen, '* Das Saibdlrecept aus dem Laboratorium des Eldfa- 
Tempels/' Zeitschr. ftlr &gypt. Sprache und Alterthuraskunde, Decem- 
ber, 1879. 

* Braun (Ascherson and Magnus), '' IJeber die im Museum zu Berlin 
aufbewahrten Pflanzenreste aus alt&gyptischen Gr&bern." Zeitschriffc 
ftlr Ethnologie, IX., Berlin, 1877, pp. 289 to 810, and Schweinfurth, 
'* Ueber Pflanzenreste aus alt&gyptischen Gr&bem." Ber. d. deutsch. 
botan. Ges., III. (1884), p, 351. 

* Lepeius, in the Zeitschr. fQr &gypt. Sprache und Alterthumskunde, 
October. 1874, p. 100: ** Kyphirecept aus dem Papyrus Ebers." 

* Ck>mpare further Thaer, '' Die alt&gyptische Landwirthschaft,'* 
Berlin, Parey, 18S1, 4to, pp. 36, with six plates. linger, ''Botanische 
Streifztlge auf dem Gebiete der Culturgeschichte." Sitzungsberichte 
der Wiener Akadeniie, 1857 to 1859, especially in volume 45, '* Inhalt 
eines Agyptischen Ziegela an organischen Kdrpern," and volume 54 
(1866): **£in Ziegel der Dashurpyramide in Aegypten nach seinem 
Inhalt an organischen EinschlQssen.'' Schweinfurth, " Blumen> 



niSTIJRY. 19 

industrious trading ntitioii of tlie Piitpniciiitis.' and 
through them probahly the Israelites, were as well aoquainted as 
the Egyptians with the ahove-mentioned drugs, to which from 
the Old Testament Scriptures may still he added, nioei', cinna- 
mon, coriander, saffron, ffinger, nUve-oU, mffnr, aud pepper,* 
In their religioue coromouiea these people evidently employed 
aromatic substancea in large amount. Drngs which at that time 
were exceedingly highly prized, but whitth for a long thne past 
have become completely obsolete, were Rndix Costi ' and the 
Aluettpooil ot At/uilaria Aijallocha, Hosburgh." The high es- 
teem with which these two aromatic Eubstances were regarded 
from that time until the eighteenth century is scarcely intelligi- 
ble to ns: and in India and China it atill continues undiminished, 

3. Tlio Chinese were also, without donbt, at a very early 
period, famUinr with the medicinal substances which were native 
to that country, as, for instance, with cnmphor, with remedies' 
from their animal world, and with such from the minaral king- 
dom. Since cinnamon was certainly exported in the earliest 
times, it may be presumed that foreign drugs wore probably at 
thitt time also imported into China. The respective ancient lit- 
erature of this country, however, has still been too little acruti- 
uizcd to aSord reliable information regarding these conditions, 
scbmuck igyptiacher Humien." Gartenlaube, LeipEi^, 1884, 828 and Joe. 
cif. (note 3). [Almi. purticuliirlj''. Woeriig. "Die PHanzen im alien 
Aegyplen." I-eipEig. 18Se. F. B, P.| 

' Fiat'kiger. " Pharinukognoaie," pp. IIB, 120, 580, 

' The plntita mentioned in the Bible have led to widely-extended dig. 
cuRsions. It is sufficient lipre to namn tlie following mndern writings 
relating to the subject; Cultrera, "Flora biblica ovvero spiegazione delte 
piante inenEionate nella S. Scriltura," Palermo. 1861; Ursinua. " Arbore- 
tam hibl. c. contin. hist, plant, bibl.," November. 1803; Duachak, "Zur 
BotanikdesTBlmud," Pest. 1871; Hamilton, "Botanique <le la Bible," 
Kioe. 1B7'3; Smith, " Bible Plants, their History, a Review of the Opin- 
ions of Various Writers regarding their Identifications," London, 1878; 
Wilson, " The Botany of Three Historical Records (GenesiH. New Testa- 
raent. Assise of Weight and Measure)," Edinburgli, 1879; Fil lion, "Atlas 
d'Hiatoire naturelle de la Bible," Paris, 1685. 4to. pp. 116, 113 plates. 

' FlQckiger, " Pharniakoguosie," pp. 444, B06. Dymock, "Materia. 
Hvdica ot Western India," 1S84, p. 373. 

*FlQokiger, loc. cit., 1S5. 
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-So mnch is certain, however, that the principal work of the 
Chinese, the herbal Pen fsao kang mu, which is, indeed of a 
xn::ch later date, is based in part npon very much older sources.' 
The highly developed condition of popular medicine of this 
people,* which adheres so tenaciously to primeval customs, refers 
to a period of very remote antiquity. For information relating 
to many of the pharmaceutically important plants of China, 
pharmacognosy is indebted to the great Venetian traveller, 
Marco Polo (toward the close of the thirteenth century), as 
aUo in the eighteenth century to the missions of the Jesuits in 
China.* 

That an early acquaintance with medicinal plants and 
drugs existed in Japan has not yet been proved, but it may cer- 
tainly be assumed, for instance, as regards menthol^ ** Hakka.^' 

4. As to how far this is the case with regard to India has like- 
wise not been established. Sanskrit literature possesses in 
*' Susruta "' and ** Charaka " information relating to medicinal 
substances, which are probably in part of more ancient origin; 
but recent investigation assigns to these writings a much less 
ancient date.* The extent of the pharmacognostical knowledge 
of Indian antiquity therefore requires more exact investigation; * 
the application in India of many medicinal substances and pro- 
ducts of the vegetable kingdom adapted to fumigation, such as 
tchite saudal'Wood, camphor, cinnamon, and cardamon may cer- 

» FlQckiger, lac, ci7., p. 1012. 

* Han bury, " Science Papers." 1876, 211 to 272. Fllickiger, Archiv der 
Pharmaeie, 214 (1879), p. 9. 

» The activity of this order deserves further mention in connec- 
tion with the history of some other drugs, as, for instance, the cinchona 
ixirks, ginseng root, mate, and ignatia seeds. The sassafras tree appears 
to have been brought by Jesuits from Canada to France; the earliest in- 
formation regarding the tai)e-worm remedy koosso probably likewise 
originated from a member of this order. In Rome, Manila, Paris, and 
South America they maintained pharmacies, which were probabljr al- 
wavs conducted bv Jesuit friars. 

* Compare FlQckiger. ** Pharmakognosie/' p. 1020. 

^ Only a few points of guidance in this direction have as yet been 
offered by Lassen's " Indische Alterthumskunde,** Bonn, 1847-1853. 



inly be traced to a very remote period. It may bo presumed 
PUut tnusi: lias also Leeo la use there for a very loug time. 

6. The centaries repreaenting the flowering period of Greek 

' and Roman civilization considerably increased the number 

of medicinal enbHtaticea, not only through such as were obtained 

from the region of the Mediterraneiin. bat also through others 

rOt Oriental origin. Amoug the^ are especially; Amygdalte 

^hea. Bulbils Scillw, C'anthariiies, Cnricm, Castoreum, Cortes: 

wBranati,' Euphorbium, Frttctus Anisi, Friidut Cardamomi ,* 

iictua Fteniculi, Fungus Larieis, Oalla, flerba Sabinm, 

Wjndigo, Masiinhe, Opium,' Piper longum. Radix Olycyr- 

•iism, Rnilix Rhei (f), Rhizoma /V/*f;i>, Rhitoma Iridis, 

wSandariica, Scnvimnnium, Srmen- Fieni grwci,' Semen Lini, 

wStmeii Sinapis, Sucr.inum, SiUqtia dulcis, SnrcHS Olj/ci/rrhixes, 

t'Ttrebinthina and Tragacantha. 

That the number of plants employed in classicftl antiquity 

I very considerable is shown particularly in the writings of 

iscorides and Pliny," to which the following centuries until 

'^tfae close of the European middle ages continually refer, and 

indeed, almost without any advnntiemeut, on their own part, of 

the esisting knowledge. Many plants of the Italian flora which 

are employed medicinally have often been thoroughly conHidered 

Jbf Bomau writers on agriculture, namely, by Cato, Columella, 

idius and Varro. Columella ' (in the years 35 to G5 a.d.) 

1 also made observations iu Hpaiu and Syria. The principal 

contents of their writings, so far as they come into considoratioa 

here, are to be found compiled in a very complete and systemati- 

cally arranged form in Magerstedt's " Bilder aus der r6mischea 

Landwirthscliaft." ' Hehn also, though with much more spirit 

' These might have perhaps also been quoted uniler division S, pa^ 19. 

'Tolheedltionsof Pliajmentiunedin FJQckiger'a " Pliarniakognuaie,"' 

pp. 997 and 1.014. the new iranslatiou by Wittittein ma; be added. 

* FlOckiger, toe. cU., p. 901. eta. Compare also. Me;er, "Ueschichte 
der Botanik," Bd. I. and II.. Kdnlgslierg, 1831, \m5. 

• Heft IV., Soademhauseii, 1861: " Die Obstbaumzucht der ROmer;" 
Heft V, (1863); '■ Der Feld-, Garten- und Gemft*ebau der Romer:" VI.. 
(1868): "Die Bietipnzueht uml die Bienenpllanzeu der Rdmer." Tlie 
aathordoea not enter upon the consid«ratiun of the HigniHcance of the 
plant names. 
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and taste, incidentully toucbes npou this subject in bid publico 
tion: " Kulturpflanzen ttDd HauBthicre in ihrem Ueliergaug 
sua Asieo nach Europa." Berlin, 4th edition, 188i. A very 
remarkable light is thrown upon the intercourse of the Occident 
with the Orient through the Periplas of the Erpthr(fan (Red) 
Sea. This survey of the coast of the East Asiatic-Indian Ocean, 
which was accomplisheJ in tlio first century after Christ, enu- 
merates a number of the commodities' which wure to be met 
with in those ports, anil among these many of pharmaceutical 
interest, such us myrrh, Sanguis Draconis, Styrax liquidus, 
gandal-wood, pepper, frankinceme, and saffron. 

The continued importation of the Indian apices mentioned 
under division 2, page 19, is proved by a list dating from the 
years 176 to 180 a.d. In this tha commodities are enumerftted 
which arrived from the Red Sea.' and which were subject to the 
Romau duty at Alexandria. 

It is quite natural that even at that time the art of adulteru- 
tion was also applied to drugs. A single sentence from Pliny 
is amply sufficient for the canBrmation of this fad; for, when 
treating of saffron, the well-versed Roman encyclopffidist em- 
ploys the expression: " adulterutur nihil teque." ' 

Even with regard to the relation of prices of some few drugs 
in those early times, Pliny has furnished us some inforaiation. 
Thus, for esampic, u ponnd of black pepper was estimated at 4, 
white pepper at 7, hng prpper at 15, and indigo ' (also named as 

' Enumerated in Meyer's "Oeaohichte der Botanib," II. (1855), p. 85. 
Compare also, FlQckiger, loe. cit., p. 1.013. 

• J(iirf.,p. 085. 

» FlQckiger, toe. cit., p, 7*0. 

• Pliny, who in such uialters was certainly quite inexperienced, must 
have had an attentive observer a^ u aouriM for hia statements here 
<■■ Nat. Hist.," XXS.V.. 2T; page 470 of ilie edition by Liitr^l. After « 
good description of indigo iiiidicuiii), lieating of the same i* recom- 
mended, in order to test the vapor and the peculiar odor: " probatur 
-oarbone; reddit enini, quod siocer est, flammam excellentis purpuns et, 
dum tumat, odorem maris." 

Wlien treating ot verdigris. Pliny (SXXIV.. 96) also resorted to a 
chemical inaction, in order to recognize in it an admixture with iron; 
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a medicament) at 20 denarii, A larger number of prices is 
given in Diocletian's "Edictum de pretiis rerum venalium," of 
the year 301 a.d., which, indeed, applied more to articles of 
food and other indispensable necessaries of life than to spices 
and medicinal substances, and was also issued only for the eastern 
part of the Roman empire, not for Europe.* The edict men- 
tions, among other things, almonds, hemp-seed, figs, fenugreek, 
linseed, olives, mustard, sesame seed, and grapes, 

6. During the decline of antique civilization the fostering of 
the sciences passed into the care of the Arabs, who also seized 
upon the medical traditions of antiquity, and were enabled to 
widely extend them, through their geographical position, from 
the highlands of Asia and India to Spain and northern Africa, 
as also, through their frequent connections with India, occasion- 
ally to enlarge and expand the same. The most eminent repre- 
sentatives of Arabic medicine in the tenth and eleventh centu- 
ries, Alhervi, Avicenna, Mesne, Serapion, and others, enriched 
materia medica with some Asiatic drugs, such as tamarinds, 
nux vomica, cubebs, semia leaves, rhubarb, camphor, and worm- 
seed (?), and, through the introduction of formulas for medicinal 
preparations, exercised an exceedingly lasting influence upon 
pharmacy, even in the Occident. With regard to many drugs 
from distant lands, the Arabians at an early period received in- 
formation through travellers, or from historical and geographical 
authors,* such as Khurdadbah, Istachri, Masudi, Idrisi, and 
Ibn Batuta. Ibn Alawan reported in thy twelfth century upon 
the flourishing condition of agriculture among his people in 
Spain, from which also dates the cultivation of saffron, still 
continued there at the present day. The most prolific informa- 
tion, however, chiefly from earlier and often much older sources 
of Arabic literature, has been brought together by Ibn Baitar 
in his large encyclopaedia of simple medicinal remedies and 

one should employ for this purpose paper soaked in nutgall — thus prob- 
ably the earliest application of test-paper I 

* FlQckiger, loc, cit., p. 997. Compare further, Burckhardt, " Die 
Zeit Konstantins des Grossen." Leipzig, 1880, p. 62. 

• Fiackiger, loc, cit,, p. 107, Note 10. 
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foods.* The critical examination and oft^n ven' difficult inter- 
pretation of many statements relating to this subject contained 
in Arabic literature, which is constantly progressing, admits of 
the hope of some very remarkable revelations in this respect. 

A pharmaceutical manual of Aboul Mena, called Cohenel At- 
thar( Priest and Apothecary), who lived in the thirteenth century 
at Cairo, has not yet been printed.* 

7. In the far West, these antique recollections were likewise 
partly revived at the same time in civil and ecclesiastical 
quarters. Thus the Emperor Charlemagne, through special 
edicts, issued in the year 81*2, ordered the cultivation, north of 
the Alps, of a series of long-known useful and medicinal plants, 
among which may be mentioned :» Althwa, Amygdalus, Anisum, 
Coriandrum, Cydonia^ Fceniculum, Iris (Gladiolus), Levisti- 
cum, Mentha, Fefroselinum, Rosmarinus, Rut a, Sabina, Salvia y 
and Sinapis. It is worthy of note that the following useful 
plants, which are indigenous to Italy or generally cultivated 
there, are wanting in the *' Capitulare,^^ or the principal one of 
those Imperial edicts, viz.:, Ghjcyrrhiza, Inula Heleniujn,. 
Lavandula, Punica Granatum, and Thymus vulgaris. In the 
architectural plan of the convent of St. Gall, which was drawn 
in the year 820, but was not executed, the place which the 
medicinal plants were to occupy in the garden was designated, 
perhaps in compliance with the *' Capitulare."* 

In the library of the University of Wiirzburg, Germany, a 
recipe for a mixture of powders, '* contra oranes Febres et contra 
omnia venena et omnium Serpentium morsus et contra omnes 
angustias cordis et corporis,^' has been preserved which is perhaps 
a century older than the preceding. This curious manuscript 

^Fluckiger, loc. cit.j p. 1,003. 

» According to Leclerc, •* Histoire de la medecine arabe/' II. (Paris, 
1876), p. 215, it appears very worthy of notice. 

• The complete list is given by Pertz, ** Monumenta Germaniae his^ 
torica," legum torn. 1. (1835), p. 186, and also in Meyer's "Greschichte 
der Botanik," III., p. 401. Compare further, FlUckiger, loc, cit., p^ 
1,005. 

*J6id., p. 688. 
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fa probably one of the oldest nionumeuts of popular medicino in 
Germany; in it are mentioned Pimpinelln and Qalanga, both, to 
thti best of ourknowk'dgf, for the first time. 

8. The determining influence upon the medicine and pharmacy 
of the middle ages proceeded from the medical school of Salerno. 
Ite Bctivit}- extended from the ninth century uotll the close of 
the middle ages, although the school itself was continued, at 
least in name, until November 20th, 1811, when it was sup- 
pressed by an order of Napoleon. To the medical practitionera 
who tutight there, and in the not very remotely located Bene- 
dictine monastery of Monte Casaino, is due the credit of having 
transmitted the medical art of the Arabs. Thus the stock of 
esteemed remedies of the Occident was increased by a number 
of new medicinal substances, or at le-ast such as were previously 
but slightly accessible. To these belong Avimoniaeum,' Asn- 
fatida,' Jienxoinum, Lampkora, CaryophylH, Cinnamomum 
tetflanicvm, Cortex Aurantiorum, Cortex Limonum, Cubeba 
(aa a spice; first used medicinally since \%\S), Folia (or prob- 
ably at first only SiliqucB) Sennn, Frnclus CoccuU, Frnctug 
Coloeynthiitis, Oalbanum,' Herba Cannabin, Lignum Sandali, 
Mad*, Moschus, Radix Rhn, Jienina Draconi", Rhizoma Curcu- 
ma, Rhixnmn (lalnnffcp, Rhizoma Zi-doaria, Semen Myrigttcm, 
Semen Strt/c/ini, Styrax liqutdns, Tamarindi, and Sal-ep. 

The writings of the most prominent SaJernitttns, namely those 

of Constuntinus Africanus, Maccr Floridus, Nicolaus Prapo- 

I, Platearins, Arnaldns de Villanova. and especially the 

Bflgimen sanitatis Salernitanum " must be studied in order to 
insight into the science of medicine of the middle 
sges. A very complete enumeration of the SiinpUcia and Cnm- 
poailn of that time is given by Renzi in a list published under 
the name of Alphitn, which is presumed to belong to the thir- 
teenth century.' 

> I Presumably knonrn at an earlier period. 

* The hialorjr uf the School of Siilerno, which is nut jet siifGcieDli}^ 
alucidaled, has been brieQf but very appropriately described by Hander- 
BOn. in the publii-ation mentioned in FlQckiger's " PharuiakognoBie," 
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9. While the erudition of soutliern Italy interested itself in 
the maintenance and extension of the sciences of the Orient, the 
commercial republics of Italy — Venice, Amalfi, Pisa, Florence, 
and Genoa — were enabled through their fleets to obtain from the 
far East and South such commodities as were required in medi- 
cine as well as for the more refined enjoyment of life and the 
improvements in handicraft. Venice, which was by far the 
strongest of these commercial states, began already in the 
eleventh century to develop the elements of its incomparable 
splendor, and to become the central point for the traffic in drugs. 
Up to the end of the sixteenth century there flowed into this 
city, in the greatest abundance, those spices which were sought 
with such extreme eagerness, but the value of which, in our time, 
has become very greatly reduced. The greatest importance was 
attached to pepper, the commercial history of which vividly 
reflects this entire and exceedingly remarkable intercourse of 
nations, as, indeed, in the middle ages, pepper represented the 
symbol of the entire spice trade.* 

The Levant trade of Venice, which for those times was incom- 
parably large, also gave an impulse for the establishment, in that 
city, of chemical industries, such as the manufacture of sal-am- 
moniac, corrosive sublimate, cinnabar, soap, and glass, together 
with the bleaching of wax and the refining of borax ( Tinkal, 
from Thibet) and of camphor. 

Through the shrewd participation of the Venetians in the 
crusades of the twelfth and thirteenth centuries, their commerce 
and influence attained the highest degree of prosperity. Even 
the continued warlike conflicts of the Occident with the Orient 
must have necessarily also contributed to the knowledge and dis- 
tribution of special medicinal substances in other parts of 
Europe. Many historians of that time, who visited Palestine, 

* Tlie apice dealers in various countries were known as Piperarii. 
Such a ** Gild of Pepperers " existed already in London in the year 1345, 
and the " Society of Apothecaries " still existing there, which received 
its charter from James I., in the year 1617, properly dates back to 
those pepper dealers. Compare Pharm. Journ., XV. (1884), p. 367; alao 
Fiackiger's *'Pharmakognosie," p. 867. 
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described, with great clearness, for instance, the avgar-cane and 
sugary while others made themselves acquainted ^'\i\\i\\Q agrumi 
(the fruits of species of Citrus), with licorice, dates, cotton, and 
cuniiyi (Cuminum Cyminum).^ 

It was only subsequent to these voyages that sugar became a 
regular article of commerce, chiefly in the hands of the Venetians. 
The successful cultivation of saffron in England and France 
during the middle ages, and the culture of roses in the })rovince 
of Champagne was started, or at least probably received a new 
impulse, through the crusaders. 

In Germany the great Benedictine monasteries, for instance, 
those of St. Gall and Fulda, formed the central points of intellec- 
tual culture, and likewise supported and distributed botanico- 
medical knowledge, even though they did not actually augment 
it. The first monastery of this in many respects highly meritorious 
order, which was founded by St. Benedict himself, in the year 
628, at Monte Cassiuo, northwest of Naples, and afterward be- 
came so greatly celebrated, stood in the eleventh century in 
close relation to the medical school of Salerno. This school was 
also of influence in determining the intellectual course of St. 
Hildegard, who, in the year 1148, became abbess of a convent of 
the Benedictine order, founded at her own instigation near 
Bingen on the Rhine. To this personage is attributed, although 
not with absolute certaintv, a work which is verv remarkable 
from a pharmacognostical point of view: ** Subtilitatum diver- 
earum naturarum creaturarum libri novem,'* and is presumed to 
have been written about the year 1178. By the enumeration of 
a number of indigenous plants, to which some prominent 
characteristic, or often also the German name,* wiis occasionally 
added, the book of Hildegard, frequently designated as ** Phy- 
sica," reveals itself as a truly German production. Of incom- 

* Compare the respective articles in the ** Pharmacographia " and in 
Fltlckiger*8 " Pharmakognosie ; " aUo Meyer, ''Geschichte der Bota- 
nik," IV., p. 110; Heyd. ** Levantehandel." II., p. 670. 

* Compare also Pritzel and Jessen, ** Die deutschen Volksnamen der 
Pflanzen. Aus alien Mundarten and Zeiten zusammengestellt." Han- 
nover, 1882. 
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parably greater importance, however, is the Dominican monk,, 
known as Albertus Magnus, who from the year 1260 to 1280 
was Bishop of Regensburg (Ratisbon). In his books *'De 
Vegetabilibus,^* numerous medicinal plants and drugs have re- 
ceived for the most part very intelligent treatment, though this 
is largely based upon other sources of information, including 
Arabian. 

The history of indigenous, and probably also foreign medici- 
nal plants may be further pursued with the aid of the diction- 
aries and glossaries of the middle ages. Compilations of this 
kind * were also specially made use of in attempting, quite in 
accordance with mediaeval custom, to identify in the indi- 
genous flora plants of classical antiquity. From a mercantile 
point of view, very valuable information is afforded by the ordi- 
nances and lists of the departments of customs ^ of that time, as 
also especially by the trade-books of the Venetians and Floren- 
tines.' The extraordinary importance of the commercial inter- 
course with the East during the middle ages has finally been 
described in an exhaustive and captivating manner by Heyd,*" 
who not only represents the political and economical sides of 
the subject, but also gives detailed accounts of the most im- 
portant objects of that remarkable commercial era, namely: 
aloes, aloes-wood, ambergris, halm of Gilead, benzoin, Brazil- 
wood, camphor, cloves, frankincense, galanga, galls, ginger, 
indigo, kermes (a coloring insect afterwards supplanted by cochi- 
neal), lac, mace, musk, nntmegs, pearls (both as a medicament 
and ornament), pepper, precious stones (quite a series of these 
were employed as medicinal agents), rhubarb, saffron, sandal^ 
wood, and tragacanth. All that the civil and ecclesiastical 
travellers and historians of those centuries were able to report 
relating to these articles has been made use of in the proper 
place by Heyd, in his careful examinations. 

» FlQckiger, *' Pharmakognosie," pp. 107, 330, 642, 688, 713, 892, 898. 
• Ibid., pp. 781, 983. 
» J6id., pp. 1,011, 1,012. 

^ ** Geschichte des Levantehandels im Mittelalter," 2 vols., Stuttgart,. 
1879. 
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TTlie predouB goods from India were obliged, aa a rule, to take 
their way through the Red Sea and through the domain of the 
Egyptian sultitns, for which reason the Italian nierchanta of 
the middle ages were compelled to bestow the greatest attention 
ujmn their relations to those rulers. The ambsssadora of the 
Intter to the doges of Venice, to a Venetian queen ot Cyprus, and ' 
to Lorenzo de' Medici in Florence, brought rare dmgs of the 
Orient to Europe, aa, for instance., aloes-wood,' civel. Mean baU 
sam,' myrohalans," opium, and sugar, the latter of which was at 
that time, or in the second half of the fifteenth century, still a 
rare article. Thus in the year 14(!1 beittotH was brought for the 
first time to Venice.' 

It was only in case of necessity that the Italians permitted 
their goods from the Orient to take the much longer route 
througb the Pereiun Gulf, or even through Central Asia to the 
Block Sea, instead of tlirough Egypt, 

The intercourse with the Levant consisted quite especially in 
the importation of numerous Asiatic products: there were but 
few articles which the Italians, jnliabitants of Southern France, 
and Catalonians, for example, had to ship to Alexandria. The 
Venetian statesman, Marino Sanudo,* in the year 1307, mentioned 
06 such articles almonds, honey, hazelnuts, ninstic, and saffron. 

The most prominent Florentine houses also conducted the 
Levant trade witb consummate mastery. Thus, for example, 
in the first half of the fourteenth century, the large trade asso- 
ciation which bore the name of the leading house, Bardi in 
Florence. It was in their service that Pegolotti, about tho year 
1340, wrote that very remarkable trade-book, " Pratica della 
mercatura,'"' which gives the moat instructive informatio nre- 
garding the commercial relation!^, coins, weights, measures, and 



1 FiOckiger, " PharmakognoHJe," | 
-•IWd..p. 180. 
■ Pnd., p. 341 
•iWd.. p. 113. 

* Fiachi^r, '• Pharroakognosie." | 

* Compue further Heyd, loc. cU., 




105, and this work, p. 19. 
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trade products of that time, and is far superior to similar publi- 
cations of a later date. 

A less comprehensive, but nevertheless remarkable book, is 
that of the Venetian Pasi or Paxi, *' Taripha," * of the year 1503. 

10. Sources of information are not wanting for judging of the 
supply of commodities, and also of preparations which were to 
be met with in the fifteenth century in German pharmacies. 
The ** Frankfurter Liste'' and the "Nordlinger Register'* ex- 
hibit quite a series of dnigs * which, at that time, were actually 
kept in stock; and the inventory of a pharmacy in Dijon of the 
year 1439 is also known.* 

The conquest of Constantinople by the Turks on the 29th of 
May, 1453, as also the discovery of a sea passage to India in 
May, 1498, are events which, by its causes and results, led to 
the gradual but almost complete downfall of the Levant trade, 
and especially to the exhaustion of the resources of Venice. The 
discovery of America completed the enormous revolution. The 
age of great discoveries could at first gain no greater number of 
new, important drugs from the vegetable kingdom of Asia, 
which had already been the source of supply for so long a period. 
The discovery of a sea passage around the Cape of Good Hope, 
however, resulted in a much more abundant importation of 
familiar commodities of that character. Furthermore, the 
scientific world now finally received more exact intelligence relat- 
ing to the celebrated products of India. For this information, 
tlianks are primarily due to a Portuguese physician, Garcia de 
Orta (Garcias ab Horto), who resided for thirty years in Goa, 
India. His discourses upon Indian drugs, which appeared at 
Goa in the year 1563, form a highly agreeable contrast to the 
mostly confused and altogether too meagre notices of the Arabs- 
and of Marco Polo, the great traveller, whose reports are other- 
wise so valuable. 

The most substantial advancement of pharmacognostical 

• FlQckiger, ** Pharmakognosie,*' p. 1,011. 

• See page 3. note 1. 

• Schweizerische Wochenschrift ftlr Pharmacie, 1878, Nos. 6, 7, 8. 
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whn.ufter obtutniiig a broad prelioiinary education, wa) 
in botunicRl pursuito, priiicipally at Vienna, and finally, until 
the year 1(j09, at teyden. Ab early as the year 1567, this dis- 
tinguished man published a Littiu translation of Garcia'a " Colo- 
quios" under the title "'Aroraatnin et Blraplicium aliquot 
medicunienlornni apud Indos nuscentium hiatoria." CluEius 
(reed Iho work of the Portuguese of its labored diction, omitted 
many ueele^ and epecnlative additions of the author, and, on the 
other hand, added valuable notes comprising personal experi- 
ences and observations. Glusiua was alreofly acquainted with 
the eohi nut, alar-anise, gamboge, winter's bnrk, »abadilla, and 
vanilUi. 

The most instrnctive and abundant information relating to the 

.ianBora, combined with iilustrations of long-known, celebrated 

icinal plants, is presented (though, indeed, at a much later 

period) in the twelve folio volumes of Rheede's " Hortusindicua 

inalabaricus." which appeared at Amsterdam between the years 

16il4 and 1703, as also in the "Herbarium amboinense," by 

nipbins (Bnmpf), in six volumes, Amsterdam, 1741-1755. 

grand acliievements of the Dutch have been followed in 

!em times by the magnificent works of the English botanists.' 

Less laudable, even though it is intelligible when considered 
in the light of that period, appears the commercial policy of the 
Dutch in the seventeenth and eighteenth centuries, through 
which they were able to retain for themselves the exclusive pos- 
flesaion of Indian apices, particularly of nutmegs, cloves, pepper, 
and cinnamon, occasionally even advancing the prices by the 
destruction of these articles when the stock had accumulated to 
too great an extent. 

In the first half of the sixteenth century the knowledge of 
crude medicinal subatances had meanwhile been much promoted 
in Germany by the talented teacher Valerius Conlua (1515- 
1544), after whose premature death his most important writings 
were first published, in the year 1561, by his friend and associate 

' See Arcliiv der Pharm,, 322 (1884), p. 240. 
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Conrad Gesner. Cord us, in his annotations to Dioscorides and 
in the ''HistoriaB Stirpium (s. Plantarum)," in opposition to 
those of liis predecessors who were involved in the study of an- 
tiquity, recorded good individual observations, and described 
tlie drugs much more carefully, particularly according to his 
personal inspection; thus, for exaniple, Nux vomica, Cocculus 
Jndicus, and Lignum Guaiaci,^ Cordus has rendered valuable 
service to practical pharmacy by the compilation of a dispensa- 
tory " in the years 1542 and 1543, by request of the authorities 
of the city of Nuremberg. 

Under the title of ** Horti Germaniae,'* Gesner, in the year 
1560, gave interesting accounts of medicinal and useful plants, 
or otherwise noteworthy species, which he or his friends, mostly 
apothecaries,* cultivated in Germany. Gesner permitted this 
publication to appear as an appendix to that of his friend 
Cordus. 

At a still earlier period, the flora of the surrounding country 
had been brought into requisition, but without much critical dis- 
crimination, as was the case with the widely diffused, popular 
book, **IIortusSanitati8.'' The same degree of consideration was 
accortled to the curious work on distillation by the surgeon 
Hieronymus Brunschwig, of Strassburg, first published there in 
the year 1500, and which gave the crudest instruction relating 

* A still earlier monographic publication relating to Lignum Ouaicun, 
which, for those times, is very worthy of notice, and written in excel- 
lent Lilt in, likewise emanates from the pen of a prominent German, the 
Knight Ulrich von Hutten: **Vlrichi de Hutten Eq. de Guaiaci medi- 
cina et morbo gallico liber vnus.*' 4to, 26 chapters, unpaged. The first 
of the numerous editions, printed in the year 1519 in Schaffer*8 house at 
Mayence, bears at the end of the work a woodcut likeness of the author. 
This publication, by its accuracy and instruct! veness, excels most of 
its Cv)ntemponiries in the description of new medicinal substances. 
Hutten desoril>es the habitus of the tree, the wood, bark, and resin, and 
lastly the applications. 

* FlQckiger, *' Pharmakognosie," p. 994. 

* Among foreign apothecaries Gesner mentions also the meritorioas 
Peter Coudenlvrg, of Antwerp iFlQokiger, loc. cit., p. 45-S); also 
FckUietus, of Vevev, on Lake Geneva. Switzerland. 
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to the preparation of distilled waters, whereby all ooncoiTable 
herbs, and things of an entirely different nature, were brought 
together in u senaelesB manner. Here and there Brunschwig 
inserted a notice worthy of consideration, relating'to a plant, 
for instance, one from which it may be concluded that at the 
end of the fifteenth century lavender was cultivated in Germany, 
and anise near Strassbnrg. Brunschwig's book corresponded, 
moreover, so much to the viowB of that time, that in the year 
1597, an Angabnrg physician, Adolf Occo, introduced one hun- 
dred and torty diSeTOTit AqucB deslillalm into the "Pharmaoopcea 
Augnstana." 

Subsequent to the year 1531, Otto Brunfels had numerone 
figures of plants prepared at Straasburg, some of which are very 
good, and are still worthy of notice as the earliest good exam- 
ples of the application of woodcuts to botanical purposes. Hia 
descriptions are, indeed, of an incomparably lower order than 
those contained in the horbals of his direct successors, Cordus 
(see p. 32), Bock (Tragus), FuehB and Gesner. All these 
German "fathers of botany "of the sixteenth century, though 
not exclusively physicians, have also, through their writings, 
furnished pharmacy with a more exact knowledge respecting the 
indigenous medicinal plants, a large number of which were, 
at that time, kept at the pharmacies. It was also at this period 
of general reformation that Brnnfels (in his " Reformation der 
Apotheken") brought forward a list of drugs, prepared without 
much judgment, but containing those which appeared to him 
worthy of commendation, under the title " Ein gemeyne beset- 
zung einer Apotheken, von Simplicibus." 

11. To the discovery and settlement of America we are in- 
debted for a number of substances already in use by the 
people of that country, which soon found their way to Spain, 
Portugal, and other parts of Europe. The writers of those two 
countries, GouehIo Fernandez (Oviedo), Monardes, andliernan- 
deH, who were the first to devote attention to the natural pro- 
dnctg of the new world, also began to describe medicinal plants 
more accurately than had been doue before. 

Thns America gradually furnished: Balsamiim Copatva, 
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Bals. peruvianum, Bals. tolutanum, Cascarilla, Cinchona, 
Blemi, Folia NicotiamB, Fructus Capsici, Fr. PimentcB 
{Amomi), Fr. SabadillcB, Lignum HcBmatoxyliy Lig. Femam-- 
bud (Brazfl wood), Lig, Ouaiad, Lig. Quassiw, Lig. Sassa- 
fras, Radix IpecacuanhcB, Bad. Sarsaparillm, Bad. SenegcB, 
Bad. Serpentarim, Besina Ouaiaci, Semen Cacao, Sem. Saba* 
dillcB, Tuber Jalapce, and Vanilla. 

At a later period (1636-1641), the German geographer and 
astronomer Marcgraf , and the Dutch physician Piso, were jointly 
commissioned by the government of the Netherlands, to pro- 
mote the knowledge of Brazilian medicinal plants. Previous to 
this they had already furnished descriptions of Copaiva, Elemi, 
Jaborandi, Ipecacuanha, Matico and Tapioca. 

12. The re-awakening of the sciences at the beginning of the 
new era also led to the gradual foundation of scientific botany, 
and in the seventeenth and eighteenth centuries to the medici- 
nal employment of a large number of plants of Central Europe, 
as well as of some few drugs from other parts of the world, 
which then arrived in Europe for the first time. Of the 
long series of plants and substances which are properly to be 
enumerated in this connection, there may be mentioned: Cate- 
chu, Cortex Frangtilm, Flores Arnicce, Flores Chamomillm, Folia 
Aconiti, Fol. Digitalis, Fol. Laurocerasi, Fol. MenthcB piperitm, 
Fol. Toxicodendri, Fol. Uvcb ursi, Herba Chenopodii ambrosiai- 
dis, Herba Cochlearice, Herba Conii, Herba Hyoscyami, Herba 
LobelicB, Fructus Anisi stellati, Gummi-resina Oambogia, Kino, 
Lactucarium, Lichen islandicus, Lycopodium, Oleum Cajuputi, 
01. Bosce, and other distilled oils, Badix CalumbcB, Bhizoina 
Caricis, Bhiz. Filicis, Saccharum lactis, Secale cornutum. 
Tuber Chinee and Tuber Colchici. 

13. In the cities of Germany, the stock, and especially the 
prices of drugs in the pharmacies, were regulated by official 
ordinances, while pharmacies were also openly conducted on the 
part of the magistrates, or leased by them. In no other country 
at that time were the affairs of pharmacy the subject of such 
thorough official attention. The manuscripts relating hereto 
admit of a complete insight into the store-rooms and laboratories 
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■of the pharmacies from the beginning of the sixteenth century. 
Such, for example, are the inventories of the senatorial phar- 
macy at Brnnawick (Braunschweig) of the years 1518 to 1658," 
the catalogues of several other pharmacies, and a largo number 
of price-lists which were issued in the course of the sixteenth, 
seventeenth, aud eighteenth centuries in all Oerman countries 
for the use of the apothecaries. It was rarely, however, that 
the latter were mentioned as participants in the oflScial control, 
reference being usually made only to physicians and officials. 

By the aid of those manuscripts, many of which still remain 
.buried in archives, the introduction and gradual distribution of 
lany drugs may be traced, as, for example, some of those 
derived from America. These documents also afford positive 
nformation concerning the extensive cultivation of certain me- 
dicinal plants, which has long since been abandoned, aa, e. g,, 
the Angelica near Freiburg, in the old district of Breisgau, 
Baden; Licorice, near Bamberg; Saffron, in England, Germany, 
and Anstria, and Cassia obovala in Tuscany. 

An insight is also afforded into the obscure department of 
adulterations, to which drugs, aa well as articles of food and luxu- 
ries, were subjected in the middle ages, no less than at any 
other time (see p. 2S). The magistrates of German and Italian 
cities resorted to the most extreme police measures, even pun- 
ishment by death,' for such o£fences, and authorized physicians 
to watch the apothecaries. In the ordinances accompanying the 
above-mentioned price-lists, and in special manuscripts, these 
regulations are quoted at great length. 

The unfortnnate apothecary Zanoni de' Rossi, of Venice, iu 
the year 1402, when preparing the highly celebrated " Theriac," 
was detected in the omission of Rhubarb, Amomum, Opoponax 
("Pharmacographia," p. Z%1) and Saffron, even substituting 

' For a copy or this, one of us (F.) is indebted to the apothecary Dr. 
Qroi«, in Brunswick. Compare iilao the notice of the latter in the 
ArcUiv der Pharm,, 221 (1883), p, 417. 
* Flllokiger, " Pharm akognoBie," p. 740. Compare further the thor- 
|.«Ogh work by Elben, " Zur Lehre von der Waarenfftbohung." A Tfl- 
l Ungen dissertation, ' ' 
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for the latter Safflower (Carthamus tinctarius), while he also 
adulterated Musk and the Syrups. The court to which sach 
matters pertained, '' Ayogaria di coman^^' caused his prepara- 
tions to be thrown over the Bialto Bridge into the canal, the 
musk was burned, the offender banished from his profession, 
placed in prison, and a fine of four hundred gold ducats im- 
posed upon him — fortunately, in contumaciam.^ 

14. The proper study of drugs received an impulse from 
the chief emporium of the drug market of the middle ages.* The 
Signoria of Venice founded in the year 1533, in her Univer- 
sity at Padua, a chair of pharmacognosy, ''Lecturam Simpli- 
cium," which she filled by the appointment of the physician, 
Francesco Buonafede. The University of Bologna, as early as 
the year 1534, also received such a "Spositore o lettore dei 
Semplici '* in the person of Luca Ghini, who, in the year 1544, 
removed to the University of Pisa. Buonafede, " primus Sim- 
plicium explicator,^' the first professor of pharmacognosy, dis- 
tinguished himself by the foundation of the first botanical 
garden, which, in accordance with his proposal, in the year 1545, 
was effected by a resolution of the Venetian senate. The land 
required therefor was given by the Benedictine Convent, Santa 
Giustina, with a proper appreciation of the usefulness of the 
purpose. The garden still remains in sight of the magnificent 
cathedral of Sant' Antonio, in Padua. The decree of the senate, 
in a very admirable and appropriate manner, gives prominence 
to the value of the garden for the study of medicinal plants, 
and carefully provides for the management of the same. From 
the possessions of the Eepublic on the islands of Candia and 
Cyprus were to be procured the valuable plants, as also minerals. 

> Cecchetti, " La Medicina in Venezia nel 1,800/' Archivio Veneto, 
xxY. (1883), 876. Ibid,, xxviii. (1884), 29, it is also stated that, in the 
year 1820, on the Rialto Bridge, inspectors of goods from the Levant 
were appointed, '* Signori sopra le merci del Levante." 

* A description of this drug market is still wanting. As men- 
tioned by Fldckiger, loc, cit., p. 684, there existed in Venice, in the year 
1506, a chamber of commerce, '* Cinque savii alia mercanzia," whose 
acts are still preserved in the great Venetian centnJ archives. 



HISTOET. 37 

' As is evident from Gesner's "Horti Germanite" (see p. 32), 
he stood in active intercourse with apothecaries and other friends 
who were engaged in the cultivation of officinal plants. The 
opportunity was thus afforded of mentioning cinnamon, cloves, 
vjorm-eeed, colocynth, and fenugreek, the mother plants of 
which were cultivated in a garden at Venice, in the quarter 
S. GervAsio,' But the first public garden for scientific purposes 
is that ut Padua. 

Buonafede also arranged in the botanical garden at Padua the 
first collection of drugs, "Spezieria," for purposes of instruc- 
tion, in which the dried, crude products of the Levant ware 
preserved, in order to be employed as standards for the diecrimi- 
nation of pure and adulterated articles. The garden and the 
collection are mentioned as two superabundant sources from 
which the most substantial knowledge may be obtained regard- 
ing those substances which contribute to the happiness of man- 
kind. Notwithstanding these efforts, Buonafede, at the age 
of 76 (in the year 1549) lost his position, and, having become 
blind, died in penury on the 15th of February, 1558. The pro- 
fessorial chair, "lettura de' semplici," was taken in the year 
1651 by Gabriel Falloppio." 

The University garden at Padua was followed in the year 1547 
by that of Pisa, in 1567 by Bologna, in 1577 by Leyden, and in 
1593 by Montpellier. In Germany the first botanical University 
garden was brought into existence in 1593 through the efforts of 
the medical faculty of Heidelberg ; in the years 1624 and 1635 
LndwigJungermann' established the gardens of Giessen and Alt- 
dorf (near Nuremberg). It was first in 1628 that Paris also re- 
ceived such an one. In the year 1658 there was a medical garden 

' FlQckiger, toe. eit., p. 7S1. As early as 1330 the subject of a ^anlen 
in Venice was agitated, which the celebrated physician Maestro 
Ouol tier! wished toestablish "proherbisaecessaTiisartisue." Cecchetti, 
Archivio Veneto, xrv. (1893), 375. 

' R. de Wsiani. " Origine ed anzianltd dell' orto botaalco di Padova." 
Venexia, 1839, ^3 pages ; and : " Delia vita e degll scritti di Franoesoo 
Buonafede." Padova, 184.^, pp. 34. 

" Address ot the Prorector." Erlangen, 1884. 19. 
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in Westminster (London), which is presumed to have belonged to 
the *' Society of Apothecaries/' Prior to 1674, as it appears, the 
garden of this corporation was removed to Chelsea, where it still 
continues to exist.* 

15. In the second half of the sixteenth and in the course of the 
seventeenth and eighteenth centuries, pharmacognosy was prac- 
lically applied in the unnecessarily numerous pharmacopceias of 
different cities and countries of Europe, the largest number of 
which probably appeared in Germany. In this country, phar- 
macy had attained a high degree of development, as is shown by 
the official price-lists and various other ordinances. The first 
official pharmacopoeia, however, entitled *' Ricettario fioren- 
tino,'* was published by the city of Florence in 1498. The num- 
ber of drugs brought together in these pharmacopoeias, dating 
from the sixteenth to the eighteenth century, was so considera- 
ble, that but little mention was made of new additions. Beside 
the most important of all, the Cinchona-barks (introduced in 
Spain about 1640, in England in 1655, and in Germany about 
the year 1669), there are to be mentioned, by way of example. 
Ipecacuanha (about 1682), Catechu (in 1640), and Senega (1735). 

Efforts now began to be made in the direction of the chemical 
investigation of drugs, which at the end of the seventeenth and 
beginning of the eighteenth century received the attention of 
numerous physicians and chemists; in Germany, e, g.y by 
Friedrich Hoffmann in Halle (1660 to 1742) and the distinguished 
apothecary to the Court, Caspar Neumann of Berlin (1683 to 
1737), in Paris by the previously mentioned Geoffrey and 
Lemery (see p. 5), and in England by Robert Boyle (1627 to 
1691). 

Among the numerous and important discoveries of Scheele 
(1742 to 1786) there are but few which relate to drugs, although 
in this connection the discovery and examination of the acids 
most frequently occurring in plants was of the greatest im- 
portance. Scheele, in 1769, discovered tartaric acid, and in 1776 
recognized the distribution of oxalic acid, which had already 

> Fmckiger, « Pharmakognode." 544, Note 6. 
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beeii observed by Savaryin 1773; in 1784 he first prepared citric 
acid in a pure state, and in 1785 separated malic acid. Hydro- 
cyanic acid was likewise discovered by Scbeele in the year 1783, 
although it was not allotted to this celebrated investigator to 
also prepare this subatance from plants. 

Johann BartholomiBus TromrasdorfE, who rendered such valu- 
able services to pharmacy (from 1790 to 1837), and in 1795 
established a Pharmaceutical School (Institute) at Erfurt, de- 
voted a portion of his varied labors to the chemical investigation 
of vegetable medicinal substances. Notwithstanding these ef- 
forts, in his " Kandbuch der p harm aceutisc hen Waarenkunde " 
(Erfurt, 1799, pp. 624; third edition, 1822), no essential ad- 
vancement of pharmacognosy can be recognized. 

The greatest progress in this department was inaugurated in 
the year 1816 by the apothecary Sertiirner, through his dis- 
covery of the first alkaloid, morphine. Since this brilliant 
discovery, chemical research of the nineteenth century continues 
togiveoxpreBsionto the most important facts; and, for the reason 
previously intimated (p. 1), it more rarely occurs at the present 
time that a plant is able to attain permanent and prominent 
importance among valued medicinal agents. As accessions of 
the last eight decades are to be mentioned: Carrageen, Cortex 
adstringens brasHiensis, Cort. Granati, Oorl. Monestte, Flares 
Koso, Folia Coca, Oallm ckinsnses, Omtrand, Outla Percha, 
HtlmirUhodiorton, Uerba Lobelim, llerba Matico, Kamala, 
Laminaria, Lupalin, Pengawar Djambi, Rail. Ratanhim, Rod. 
Satmmonia, Secale cornulum, Semen Calabar, Sem. Colchici 
and Tuber Aconiti. The very unequal, and in part very 
questionable importance of these drugs is at once apparent. As 
examples of drugs which have appeared more recently, and 
have directly received the coudemuatiou of science, may be men- 
tioned: Lignum AnacaAuHe (from Cordia Boissieri D. C, a 
Mexican shrub), Cortex Conduraago, the leaves of Sarrazinia 
purpurea, of Peumua Beldo, of Eucalgptui globulus and of 
Oritidelia robusta, furthermore Cortex Coio, Cortex Quebracho 
and Radix Gelsemii, On the contrary, as permanent and im- 
portant acquisitions since the year 1873, may be considered: 
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Jdborandi leaves, from the Brazilian Rutacea Pilocarpus pen- 
natifoUus, and the leaves of Erythroxylon Coca, from Peru and 
Bolivia. 

The zealous endeavors of the eclectic school of medicine of 
North America to introduce new vegetable substances from their 
flora have also met with but little success. 

After the discovery of strychnine and veratrine in the year 
1818, of brucine in 1819, quinine, cinchonine and caffeine in 
1820, coniine in 1827 (1831), aconitine and atropine in 1833, 
Liebig and Wohler, in 1837, recognized in amygdalin the first 
representative of another numerous class of vegetable princi- 
ples, many of which possess energetic physiological properties. 
The chemical investigation of drugs, far superior to the anti- 
quated method of estimation, which was mostly based upon exter- 
nal characteristics, was thus correspondingly forced to the front. 

16. In the mean time, not only the systematic investigation of 
the vegetable kingdom, but also its anatomical and physiological 
study became established more and more upon truly scientific 
principles. In consequence of this advance, the condition of 
pharmacognosy could not remain unchanged. Guibourt (1790- 
1807), in his lectures at the Paris school, and in his writings (see 
p. 5), liad already, to some extent, taken a higher standpoint, 
and Pereira (1804-1853), perhaps to a still greater degree, in his 
largo text-book (p. 5), in an introductory address in 1842, and, 
furthoriiioro, in his lectures. Schleiden, in 1844, with perfect 
(jomprohonsion of the subject, demonstrated the importance of 
th« rnicroHnopical examination of drugs, which, in 1847, was 
further elucidated in the most brilliant manner by an essay on 
thu Mtructure of sarsaparillay accompanied by microscopic 
(i^unm. When Schleiden^s '^Botanische Pharmakognosie,'' 
whi'jh waH written in this spirit, made its appearance in 1857, 
ilM» author no longer stood alone. Weddell, in 1845 and 1848, 
\m\ b<i';oTn(j jujquainted with the Cinchonas in Bolivia and Peru, 
Mu\ in J 84 9, in his handsome work on this subject, had also 
ornployod tlio microscope in an admirable manner for the 
iHirpo«<} of (liHtiiiguishing their barks. Schleiden extended this 
UN Mrni nation to all the Cinchona larks which at that time oc- 
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irred in commerce. To Otto Berg (1815-1866) ia due the 
credit of having subjected a large proportion of the crude medi- 
cinal BubstanceB employed in Germany, at least all the more 
important ones, to microscopical study. In the figurative repre- 
sentation of the anatomical structure of organized vegetable 
substances he vas, indeed, preceded by the no less distinguiehed 
Dutch botanist, Oudemans, 1854-1866. But, in 1865, Berg 
followed with the fifty plates, (or the most part very true to 
nature, of his " Anatomiacher Atlas zur pharmaceutischen 
Waarenkunde." 

It is in this direction that pharmacognosy of the present day 
ig developed, on the one hand in practical connec- 
th botanical science, and on the other supported by the 
constant progress in organic chemistry. The greater the num- 
ber of active principles of the vegetable kingdom extracted by 
chemical processes, or even built up artificially, the greater the 
changes effected in the pharmaceutical importance of the re-. 
spectivc drugs, for which, indeed, new interest may again bo 
specially incited by a more searching botanical examination. 

XII. Pharmacosnoxtical Systems. — The larger number of 
medicinal substances, even by the most exhaustive treatment, 
will only appear of significance from some of the points of view 
that have just been mentioned, while in other respects they may 
present nothing at all worthy of note. It appears of less im- 
portance to treat of these substances in detail than to consider 
the order in which they are classified. They have been grouped 
in special pharmacoguostical systems, in a more or less artificial 
manner, by considering either their organological importance, 
or, to a greater extent, their medicinal action and most promi- 
nent chemical constituents, or by utilizing at the same time all 
these principles of division. In opposition hereto, their arrange- 
ment in accordance with the natural families of plants, as fol- 
lowed by botanists, commends itself. The employment of a 
system founded npon this plan is appropriate, because a knowl- 
edge of the families of plants may be presupposed, thus scarcely 
leaving a doubt respecting the proper position of each drug, and 
becanse it does not admit of the separation of the parts or pro- 
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ducts which are furnished by one and the same plant. The 
advantages of such a classification are greater than the disad- 
vantage, which may be supposed to arise from the fact that by 
this arrangement things are found in close association which are 
not connected either morphologically or medicinally. The 
^^ Pharmacographia/' subsequently mentioned, as also the 
'^ Grundriss der Pharmacognosies^ of one of the authors * (P.)> 
presents the drugs of the vegetable kingdom arranged in accord- 
ance with the natural families of plants, while the *' Pharma- 
cognosie des Pflanzenreiches ^^ (by F. A. Fliickiger) bases its 
classification more upon the external characters of the drugs. 
An excellent example of chemical classification is presented by 
Falck^s ''Uebersicht der speciellen Drogenkunde,'' Berlin, 1883, 
p. 57. 

* The *' Grundriss *' adheres to the well-plantied system of the '* Sylla- 
bus der Vorlesungen dber specielle und medicinisch-pharmaceutische 
Botanik," by Eichler, third edition, Berlin, 1883, p. 54. 
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The consideration of medicinal substancoB in their various 
aepeots, as has been indicated, preeuppoaes the poBsesaion of 
correeponding adjuncts or aids. These are primarily the requi-- 
aite preliminary knowledge of botany, zoology and chemistry, 
ae also experience in the use of the microscope. With this 
general knowledge, and the corresponding degree of skill, phar- 
macognostical description is everywhere intimately connected, 
a well as with the practice of pharmacy itself. The present 
rork has not included the chemistry of plants in its plan, 
lOr is it designed as a complete guide for microscopical study, 
nd refers, therefore, in this respect to the literary aids euu- 
(venited under section II., B, page -l?. In addition to the 
ter, an oral and practical introduction to the methods of 
microscopical examination is expressly recommended. Such 
opportunities are easily obtained, and, as in other departments 
of applied natural science, practical instruction proves here also 
to bo of the greatest utility. Those who earnestly enter this 
'field will soon become incited to zealous labor. 

A^ scientific aids the following are to be considered: 



I. COLLECTIONS. 

A. Collections of Drags. — The pharmacies themsolvea rep- 
resent to a certain degree such collections, which are found more 
complete, in their adaptation to scientific purposes, in many of 
the higher educational institutions, and particularly in such 
. are directly subservient to the interests of pharmacy, 
?he most instructive, and by far the most extensive collection 
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of crude medicinal subatances from the vegetable kiogdom, how- 
eTeFj IB contained, in the Museum of Economic Bot&ny, 
in the botanical garden at Kew, near London. Leas ex- 
tensive, aince it is only in process of formation, is the 
botanical museum in Berlin. Collections which are devoted 
to pharmacy in its broadest sense are those of the Pharmaceu- 
tical Society of Great Britain, in their own building in London, 
the rapidly increasing collections of the General Austrian Pharma- 
ceutical Association (Allgemeiner osterreichischer Apotheker- 
Verein) in Vienna, and those of the School of Pharmacy (Ecole 
de Pharmacie) in Paris. ' Aside from the museum of the firm 
of Gehe & Co.. in Dresden, which is worthy of considera- 
tion, the want of a large pharmaceutical centre in Germany is 
to be regretted. The Fharmacoutical Inatitutes connected 
with the Universities of Germany correspond but little to the 
ideal requirements which should be made of a pharmacognosti- 
cal institution that Is equipped in accordance with the times. 

The great international expositions of modern times have pre- 
sented, for the time, highly instructive and extensive coUectiona 
of crude medicinal substances from different countries, of which 
reports have been published,' and in which, e. g., the medicinal 
agents even of the Asiatic nations are also thoroughly illustrated. 

' This applies also, to a greater or leas extent, to the museums and cabi- 
nets o( some of the Schools of Pharmacy in the United States. (F. 
B.P.) 

' For example, the excellent offloial reports of the AuBtrian experts 
who were delegated to these expositions. Compare further: FiQckiger, 
Schweizeriache Wochenschrift fflr Pharraaoie, 1867, 335; also Archiv 
der Pliarmacie, 214 (1879), 1-43 and B7-136. Paul, Holmes, and Pass- 
more, "Universal International Exhibition," Paris, 1678; London, 1878, 
pp. lOS, Scbaer, " Botanisoher Congress nod Ausstellung pharmaceu- 
tisch wichtiger Pflanzenproducte zu Amsterdam," April, 1877. Archiv 
der Pharm., 313 (1878), B-38. Wittmack, "Die NutzpSanzen aller 
Zonen auf der Pariser WeitausBteilung, 1878;" Berlin, 1879. pp. 113. See 
also the reports of Dr. Carl Mohr in the Pharm. Rundschau, New 
York, 1S85, pp. 57-60, 77-83, 97-100, 136-131, 146-154, 165-170, 198-308, 
227-330, entitled: " Mittheilungen liber die medizinigoh und technlsch 
wichtigen Producte des Pfianzenreichs auf der WeltausatelluDg von 
New Orleans." 
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B. Collections of plants which are either themgelves offici- 
nal, or which furnish the crude mediciDal or technical substancea, 
or afford the material for preparutions. Botanical gardens 
preEeiit euch plants in the living state with most admirable 
selection and arrangement, for example, those of Kew {pages 
12 and 44) and Edinburgh, the gardens of the Ecole de 
Pharmncie, and ot the Faculty de Medecine in Paris, and 
those of Berlin, Amsterdam, Vienna, and Palermo.' In the 
garden of Mr. Thomas Ilanbiiry at Mortola, near Mentone, 
France, there are also cultivated many pharmaceutically impor- 
tant plants.' 

Similar and very excellent results have been attained at the 
garden of the University of Breslau through the judicious and 
untiring efforts of Goppert.' The large Umbelliferffi of Asia, 
which fnmish aea/mlida, galbanum, sumbul and ammoniacum, 
are cultivated by Mr. Max Leichtlin iu Baden-Baden. 

Many plants of pharmaceutical importance are, as yet, to be 
had only with difficulty or not at all, or are at least not readily 
obtainable in the living state, so that all knowledge concerning 
them must b6 derived from herbaria, or from descriptive and 
illustrative representations. Such are presented in the greatest 
degree of completeness by the previously mentioned institutea in 
Kew, London and Paris; and the botanical museum (section, Her- 

' In the United States, the gardens of Mr. Henry Shavr, at St. Louis, 
Uo., are deserving of special mention, while tlie CouKresaionat garden 
and garden of the Department of Agriculture at Washington, the 
botanical garden at Cambridge, near Boston, and tite Arnold Arboretum 
(for woody plants) at Brookllne, Mass., likewise present something ot 
interest. There is also under contemplation the establishment of a large 
botanical garden at Montreal, under the direction of the McOill Univer- 
sity and the local horticultural society (F. B. P.). 

'See Flilcltiger, "Osterferien m Ligurien;" Buchner's Repertorium 
fOr Pharmacie. uv. (1876), 440-505; also (Flflckiger) "La Mortola, Der 
Garten des Herrn Thomas Uanbury," Strassburg, 1S86 (privately 
printed), pp. 30. 

'Compare his publications; " Unsere oSicinellen Pflanzen," Qdrlitz, 

~^, pp. 12; and "Catalog der botanischen Museen der Universit&t 
Breslau," GariiU, 18M, pp. 54. 
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barium) in Berlin has also begun worthily to follow the example, 
though not precisely in a pharmaceutical direction. 

C. Microscopical Preparations. Notwithstanding the im- 
portance of a knowledge of the inner structure of many medi- 
cinal substances, the preparation of objects for the microscope 
often requires such an expenditure of time as to interfere 
with its accomplishment. This is, however, so instructive (see 
p. 48) that it is only in cases of necessity, or for the purpose of 
supplementing individual work, that the purchase of micro- 
scopical preparations will be attended with substantial benefit. 
It must, nevertheless, be admitted that these preparations are 
now presented, especially in Germany, in an unusually attrac- 
tive and complete form. 

II. LITERARY AIDS. 

The following list contains a selection of works which are 
adapted to quite extended requirements, but makes no claim to 
completeness. 

A. Medico-pharmaceutical Botany. Of descriptive works, 
the following deserve particular mention: 

Kosteletzky, " AUgemeine medicinisch-pharmaceutische 
Flora," 3 volumes, Prague, 1831-1834 (now sold by Hoff, 
Mannheim). 

Geiger, Nees von Esenbeck and Dierbach, " Pharmaceutische 
Botanik,'' 3 volumes, Heidelberg, 1839-1843. 

Bischoff, '^ Medicinisch-pharmaceutische Botanik,'* Erlangen, 
1843; second edition, 1847. 

Schleiden, " Handbuch der medicinisch-pharmaceutischen 
Botanik," Leipzig, 1852, 

Iloscnthal, ^' Synopsis plantarum diaphoricarum. Systema- 
tischo Uebersicht der Heil-, Nutz- und Giftpflanzen aller 
Liindor,'' Eriangen, Enke, 1872. 

Tliese works, which are excellent in their way, may, perhaps, 
occaHionally still be consulted with profit; they are, however, 
mora than replaced by the following: 

LucrHwen, " Medicinisch-pharmaceutische Botanik,** also un- 
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■fler the more appropriate title, " Haudbuch der syatematischen 
Botanik, mit besonderer Beruckaichtigung der Arzneipflanzen," 
Vol. I., Cryptogams, pp. 657, 181 woodcuts, Leipzig, 1879. Vol. 
II., Phasnogams, pp. 1,329, 231 woodcuts, Leipzig, 1882. 

LuersBen, "Die Pflanzen der Phurmacopcea Germanica," 
Leipzig, 1883, pp. 664, 341 woodcuta. Chiefly compiled from 
the preceding. 

Herz, " Synopsis der pharmaceutiachen Botanik," Ellwangen, 
[683. 

Baillon, "Traitfi de Botanique m6dicale-phan6rogamique," 
Paris, 1883-1884, pp. 1,499, with numerous woodcuts. 

Targioni-Tozzetti, " Corso di botanica medico-far maceutica," 
second edition, Firenze, 1847. Not seen by us. Furthermore: 

Leunia, "Synopsis der droi Naturreiche." II. part, Botany. 
Third edition edited by A. B. Frank, Hanover, 1883. 

Schimper, "Tascheubnch dor mediziniach-pharmaceutischen 
lotanik und pflauzlichen Drogenkunde," pp. 308, Strassburg, 
886. 

B. The following works give illustrations of officinal plants 
(accompanied by a descriptive text which is often unsatisfac- 
tory). 

Nees von Esenbeck, "Plautse medicinalea,"DusBeldorf, 1828- 
1833. 4 volumes. Folio, with 545 colored plates (13 inches 
wide and 19 inchea long). 

Ilayne, "Getreue Darstellung und Beschreibung der in der 
Arzneikunde gebrauchlichen Ctowachse, und aolcher die mit 
ihnen verwecliselt werden konuen," Berlin, 1805-1846, 14 
Tolumea, quarto, with 648 colored plates. 

; and Hchmidt, "Duretellung und Beachreibung snmmt- 
in der Pharm. borussica aufgetUhrten officinellen Ge- 

ichse," Leipzig, 1854-1863. With 208 colored plates, quarto. 

f excellent artistic execution. 

KOhler's "Medicinalpflanzen," Oera-Untermhaus. Begun in 
1883, and not yet completed. 

H. Gross, "Die wichtigoren Handetspllauzeu in Bild und 
RTort," Eaalingen, 1880. 
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Bentley and Trimen, " Medicinal Plants/' 4 volumes, Lon- 
don, 1875-1880. Small quarto, with 306 colored plates. 

Artus,^^ Handatlas sammtlicher medicinisch-pharmaceutisclier 
Q^wachse,^* etc. Sixth edition, edited by G. von Hayek. 
Jena, 1882. 

Cassone, F., "Flora medico-farmaceutica,*' 6 volumes, with 
600 colored plates. 8vo, Torino, 1847-1852. Not seen by us. 

In America, the following illustrated works are in course of 
publication, which especially represent the medicinal plants in 
use in this country. 

Lloyd, J. U. and C. J., '^ Drugs and Medicines of North 
America/* A quarterly devoted to the historical and scientific 
discussion of the botany, pharmacy, chemistry and therapeutics 
of the medicinal plants of North America, their constituents, 
products and sophistications. Cincinnati, Ohio. Vol. I., of 
which the first number was issued in April, 1884, is now 
(March, 1886) complete, and comprises the natural order Banun- 
culaceae. 

Millspaugh, C. F., "American Medicinal Plants.'' An illus- 
trated and descriptive guide to the American plants used as 
homoeopathic remedies: their history, preparation, chemistry, 
and physiological effects (6 fasic). Fasc. L, New York, 1884. 
Eoyal 8vo, 30 plates with descriptive text. (Four fascicles of 
this work have appeared up to the present date, July, 1886.) 
F. B. P. 

C. Medico-pharmaceatical Zoology. 

Brandt and Ratzeburg, " Medicinische Zoologie,'' Berlin, 
1829-1833. 3 volumes, quarto, with 60 admirably executed 
copper plates. 

Martiny, " Naturgeschichte der fiir die Heilkunde wichtigen 
Thiere," Giessen, 1854. 30 plates. 

Moquin-Tandon, "Elements de zoologie m6dicale," Paris, 
1860; second edition, 1882, with numerous woodcuts, 

D. Use of the Microscope. 

Nageli and Schwendener, " Das Mikroskop,'' Leipzig, 1867; 
second edition, 1877. 

Dippel, " Das Mikroskop und seine Anwendung,'* 2 volumes. 
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'.BiaanscUweig, ISGT-IS'JS; second edition, 1883. By the same 
author, " Grundzuge der allgemeinen Mikroskopie," Braan- 
echweig, 1885. 

Hager, "Das Mikroskop und seine Anwendung." Seventh 
edition, with 316 woodcuts. Berlin, 1886. 

Behrens, " Hilfabnch ziir Auafuhrung mikroekopiacher Unter- 
suchungen im botanischen Lahoratorium," Braunschweig, 1883, 
pp.398. With ilhietrations. American edition, entitled: "The 
Microaeope in Botany," translated by Rev. A. B. Hervey, and 
E. H. Ward. Boston, 1885. 

Stein, "DaB Mikroskop und die mikrographische Technik," 
1884. With illustrations. 

Ponleen, "Botaniscbe Mikrochemie," Caasel, 1881, pp. 83, 
American edition, entitled: "Botanical Mioro-chemiBtry," trans- 
lated by Professor William Treleaae. Boston, 1884, pp. 118. 

E. Chemistry. 

Hueemunn and Hilger, "Die PflanzenstoSe." 2 volumes, 
second edition, Berlin, 1883-1884, This book, which is very 
complete from a chemical standpoint, also elucidates the 
physiological action of the constituents of plants. 

Dragendorff, '"Die qualitative und quantitative Analyse von 
PBanzen und Pflanzentheilen," Gottingen, 1882, pp. 285. Eng- 
lish edition, entitled: "Plant Analysis, Qualitative and Quanti- 
tative," translated by Henry G. Greenish. London, 1884, pp. 



Ebcrmayer, " Physiologiache Chemie der Pflanzen," Berlin, 
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P. lllostratioilS of Drugs. Figurative representations of 

dmgs in an ordinary sense are of lass value than collections, 
perhaps with exception of the Cinchona barka, in which a com- 
parison with illustrations may occasionally be desirable. Such 
colore<l illustrations of the Cinchona barks are presented in a 
very handsome form by the following: 

Bergen (H. von), "Monographie der China," Hamburg, 1836. 
Quarto, with 7 plates. 

Weddell, "Hiatoire naturelle dea Quinquinas," Paris, 1849. 
Folio. The plates 28, "^9, 30. 
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Delondre et Bouchardat, " Quinologie/' Paris, 1854. Qaarto. 
23 plates. 

A large number of drugs are illustrated, and described by 
valuable essays in the following: 

Hanbury, " Science Papers,'^ London, 1876. 

With regard to some antiquated drugs reference may be made 
to Gobel and Kunze, " Pharmaceutische Waarenkunde,'' Eise- 
nach, 1827-1834. 2 volumes, quarto, pp. 240 and 300. This 
work contains numerous colored plates, representing barks and 
roots. 

6. Figurative representation of inner struct ure. 

Oudemans, ^* Aanteekeningen op het systematisch- en pharma- 
cognostisch-botanische gedeelte der Pharmacopcea Neerlandica," 
Rotterdam, 1854-1856, pp. 661, with 37 plates. Has long been 
out of print. 

Berg, " Anatomischer Atlas zur pharm. Waarenkunde,*' Ber- 
lin, 1864, 50 plates. Quarto.* 

Vogl, "Nahrungs- und Genussmittel aus dem Pflanzen- 
reiche. Anleitung zum Erkennen der Nahrungsmittel, Genuss- 
mittel und Gewiirze mit Hilfe des Mikroskops,'' Vienna, 1872, 
pp. 138, with 116 woodcuts. 

Bell, " Die Analyse und Verfalschung der Nahrungsmittel.*' 
I. and II. Berlin, 1882 and 1884. The original English work, 
of which this is a translation, bears the title: "The Analysis 
and Adulteration of Foods." 

MoUer, "Mikroskopie der Nahrungs- und Genussmittel," 
Berlin, 1886, 8vo, pp. 384, with 308 woodcuts. 

Schimper, "Anleitung zur mikroskopischen Untersuchung 
der Nahrungs- und Genussmittel," Jena, 1886, pp. 140, with 
79 illustrations. 

In the various commentaries to pharmacopoeias, in the large 
work of Luerssen, mentioned on page 47, as also in mono- 
graphs, there occur many illustrations pertaining to this 
subject. Thus, for example, in Rauter^s " Memorial Publica- 

> This excellent work will be further referred to by us under the deeig- 
nation of Berg's '' Atlas." 
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iions of the Vienna Academy" (" Denkschriften der Wiener 
Akademie"), 31 (1873), 23, hair formationB; Martinet, "Or- 
ganes de B^cr^tion des v^g^taus" in AnnaJes des sciences natu- 
retfes, xiv. (1873), 91, and many other pnblicationa mentioned in 
the chapter on anatomy. The structure of leaves ia represented 
by Leniaire in his " Determination hiatologique dea feuillea 
m^dicinalos," Paris, 1882; and that of barka in MSIler's " Ana- 
tomie iter Baumrinden," Berlin, 1882. The excellent illustra- 
tiona accompanying Arthur Meyer's "Beitrige znr Kenntnisa 
pharmaceutisch wichtiger Gewfichse " in the Archiv der Pkar- 
macie. Band 218, 210, 220, 221 (1881 to 1883), relate to the 
officinal Smilaccte and Zingiberaceee, to Aconiium, Verairum, 
Qentiana and Ipecacuanha. 

H. Special Pbarmacogaostlcal Text-boofas aod Manuals. 

Berg, " PharniaceutiBche Waareukunde." Fifth edition, Ber- 
in, 1879, pp. 69f!. Thia first appeared in 1850 as the second 
rolnmeof the second edition of his " Pharmaceutische Botanik" 
|lj{the first edition of the latter was issued in 1845). 

Fliickiger, "Lehrbuch dor Pharmacognosie des Pflanzen- 
reiches," Berlin, 1867, pp. 758, Second edition, 1883, pp. 
1,049. 

Fluckiger, "Grundrias der Pharmacognosie," Berlin, 1884, 
' JH). S60. 

Fliickiger and Hanbnry, "Pharmacographia; A History of 
Ibe Principal Drugs met with in Great Britain and British 
' India," London, 1874. Second edition, 1879, pp. 803. 

Fliickiger et Hanbury, "Histoire des Drogues d'origine v6g6- 
tale." Traduction de I'ouvrage anglais "Pharmacographia," 
par J. L. de Lanessan. % TOlumes, with woodcuts. Paris, 1878. 

Fristedt, "Larobok i organisk Pharmacologi," Upsala, 1873. 

Guibourt, "liistoire abrfigfo des Drogues simples," Paris, 
1820. Sixth edition by G. Planchon: "Histoire naturelle des 
Drogues simples." 4 volumes, Paris, 1869-1870. With wood- 
cuts. 

Marm6, "Lehrbuch der Pharmacognosie des Pflanzen- und 
Thierreicha," Leipzig, 1885. 

Ondemans, "Handleiding tot de Pharmacognoaic van het 
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Planten- en Dierenrijk/' Haarlem, 1865. Second edition, Am- 
sterdam, 1880. 

Planehon, ^^ Trait6 pratique de la Determination des Drogues 
simples d'origine v6g6tale," 2 volumes, Paris, 1875. With illus- 
trations. 

Vogl, " Commentar zur osterreichischen Pharmacopoe/' Band 
I. *^ ArzneikSrper aus den drei Naturreichen,'' Vienna, 1869. 
Third edition, 1880, pp. 516, with 164 woodcuts. 

Wigand, "Lehrbuch der Pharmacognosie,'' Berlin, 1863, 
with 141 woodcuts. Third edition, 1879, pp. 447, with 181 
woodcuts. 

Wiggers, '* Grundriss der Pharmacognosie,'* Gottingen, 1840, 
pp. 429. Fifth edition, ^'Handbuch der Pharmacognosie,'* 
1864, pp. 800. 

Wittstein, '*Handw6rterbuch der Pharmacognosie des Pflan- 
zenreichs," Breslau, 1883, pp. 994. 

The numerous drugs in use in India, especially those of the 
western portion of the peninsula, have been thoroughly consid- 
ered by: 

Dymock, ^^ The Vegetable Materia Medica of Western India,'' 
Bombay (London), 1883-1884, pp. 786. (Compare the reviews 
in the Archiv der Pharfn,, 222 (1884), 249, and Fharniaceu- 
tische Zeitung, Feb. 23d, 1884. Supplement to No, 16.) 

All that has been accomplished in relation to the useful plants 
of India in the broadest sense, including the drugs, is compiled 
in the following large work in course of publication at Calcutta: 

Watt, "A Dictionary of the Economic Products of India.'' 
The first volume of this work, comprising the letter A, was pub- 
lished in 1884. Large 8vo, pp. 353. 

The drugs employed in the United States have been elaborated 

by: 

Maisch, "A Manual of Organic Materia Medica," Philadel- 
phia, 1882, pp. 459, with illustrations. Second edition, 1885, 
pp. 511, with 242 illustrations. 

Lloyd (J. U. and C. G.), "Drugs and Medicines of North 
America." See page 48. 

Of the resources of Brazil, an idea is given by: 
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Peckolt, " Catalog der pharmaeognostiBchen, pharmacent.- 

ihen und chemiachen Sammlung aus der Braailianiachen 
Zeitsckrift des Allg. osterreickischen Apotheker- 
Vereines, VI. (1868), 518. Extended pharmacognostical easaya 
by the aame author are to be found in the periodical meatioued. 

Representations and descriptione of drugs may be found, 
although for the most part very deficient, in the various com- 
mentaries to the pharmacopceias, and in the manuals of the 
practice of pharmacy. 

J. An exhaustive work on the History of Pharmacognosy, 
based upon an adequate study of sources of information, is still 
wanting. In the circle of German literature the following are 
worthy ot consideration, however, in this respect: 

Meyer, "Oeschichte der Botanik," 4 volumes, Konigsberg, 
1854-1857. This work has, indeed, remained uncompleted, 
ainee it extends only to the last quarter of the sixteenth century, 
bnt nevertheless includes the periods which, iu many respects, 
»re the most interesting for the history of pharmacognosy. 

Jeasen, " Botanik der Gegenwart und Vorzeit in culturhiato- 

riacher Hinsicht," Leipzig, 1884. This work supplements the 

last named, and contains, notwithstanding its brevity (495 

pages), a large amount of substantial information, although 

macognosy does not properly fall within its sphere. 

Hehn, " Kutturpflanzen und llauathiere iu ihrem Uebergang 
Aeien nach Griechenland und Italien, sowie in das iibrige 
EnrojM," fourth edition, 1882. 

Sigismnnd, "Die Aromata in ihrer Bedeutung f&r Religion, 
Sitten, Gebrauche, Handel und Geographic des Alterthuma bis 
8u den ersten Jahrhuuderten unserer Zeitrechnuug," Leipzig, 
1884. (Reviewed in the supplement to the Pharm. Zeilung, 
Bunzlau. May aist, 1884, p. 377.) 

A. de Candolle, " Origine des plantes cultiv^es, Biblioth^que 
itifique Internationale," Paris, Germer BaiJli^re &, Co., 



K. A Bibliography of Pharmacognosy is also still want- 
ing. The beginning of snch a work is presented in Pereira's 




Elements of Materia Medica," II. (1857), 833-869. Some 
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refereuces may furthermore be found in the previously cited 
(p. 61, under H), " Pharmacognosie/^ by Fluckiger (especially 
pages 983-1022), and in the "Pharmacographia.*' A manu- 
script bibliography of pharmacy by Piper has been preserved by 
the Pharmaceutical Society of Great Britain in London since 
1883. 

L. That valuable aids to the study of pharmacognosy are con- 
tained in the various scientific journals and in monographs 
needs scarcely to be mentioned. In Germany, even previ- 
ous to the year 1825, the Archiv des Apotheker-Vereins im 
nordlichen Teutschland inaugurated the stately series of volumes 
of the present Archiv der Fharmacie, while many other German 
professional journals have since ceased to exist In Paris, the 
Journal de Pharmacie et de Chimie has likewise appeared regu- 
larly since that time. In England, Jacob Bell, who rendered 
such valuable service to English pharmacy (1810-1859), issued 
in July, 1841, the first number of the " Transactions of 
the Pharmaceutical Meetings,'' which now, under the title of 
The Pharmaceutical Journal and Transactions, continually pre- 
sents a rich supply of pharmacognostical information, com- 
mensurate with the commercial status of England. The Ameri- 
can Journal of Pharmacy, in Philadelphia, stands already 
in its fifty-eighth year of publication. 

The ^^ Annual Reports,'' finally, summarize all that is of value 
in current literature. Thus, in Germany, the ^^ Jahresbericht 
der Pharmacie," which was begun in 1841 by Theodore Martins 
(1795-1863), and continued by Wiggers from 1844 to 1865. In 
1866, Theodore Husemann, together with Wiggers, undertook 
its elaboration, and from 1867 to 1873 August Husemann was 
associated with them. In 1874, Dragendorff took the place of 
Theodore Husemann, and continued the "Jahresbericht" until 
1878, when, in 1879, Marm6 and Wulfsberg associated them- 
selves with him. The *^Bericht"of 1880 was edited by the 
latter, and the two following by Beckurts. A similar service 
has been rendered in England by the "Yearbook of Pharmacy," 
which has been issued since 1870, and much more punctually 
than the German "Bericht," by the British Pharmaceuticii 
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Conference, and in America, since 1857, by the annual " Re- 
port on the Progress of Pharmacy,** contained in the " Proceed- 
ings of the American Pharmaceutical Association/* in which 
trade relations also find consideration. 

The Botanisches Centralblatt (Fischer, at Cassel), a journal 
of reference, which has appeared since 1880, under the editor- 
ship of Behrens and Uhlworm, and (since 1873) Just's Bota- 
nischer Jahreshericht (since 1883 under the editorship of Geyler 
and Kdhne), also consider the literature of pharmacognosy, 
even though only in a secondary manner. 
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The few oflScinal algae, lichens and fungi, such as Chondrus 
(Irish-moss), Cfe^raria (Iceland-moss), Secalecornutum {F^TgoVj^ 
and the unoflBcinal Fungus laricis (Larch Agaric), afford ex- 
amples of entire plants " which serve for medicinal purposes; 
the remaining drugs consist of parts of their mother-plants. 
Among the underground or, at least, half underground organs 
which fall within the province of pharmacy, the following are 
to be distinguished: 

Boots {Radices). We confine this expression to the axes 
of endogenous formation, in which the capability of producing 
leaves, and mostly also chlorophyll, is wanting, but which 
possess a root-cap. This latter is a delicate, slightly extended 
tissue on the growing end (tip) of the root. The cells of the 
root-cap increase in number by division, but remain uniform; 
and farther back, within the cap, the point is reached where 
the formation of the different systems of tissue begins (see Ana- 
tomy, under formative tissue). 

Roots are designated as main or primary roots when they 
represent the direct (underground) descending continuation of 
the base of the stem. Frequently the primary root becomes 
divided into root-branches, which, when they are very thin, are 

* A thorough treatise on morphology, based upon modem views, is 
contained in Leunis' "Synopsis," Bd. L, 1883. Edited by B. Frank. 
Compare also Th. Liebe, " Die Elemente der Morphologfie," Berlin, 1881. 

' The sclerotium of Clavicepa purpurea, which constitutes the Secede 
comutumy is the passive condition of the fungus. Fungus laricis is the 
fruit-bearing portion of Polyporus officinalis Fr., and is thus, strictly 
considered, also only a portion of a plant, even though quantitatively 
by far the preponderating portion. 



BCNNEES AND STOLONS. 



67 



also called root-fibres. Examples of primary roots are afforded 
by Radix Pyrethri, Bad. Smntmontm, and Rad, Taraxaci; 
excellent root-branches are pOBsessed by Jtad. Ratanhia, and 
root-fibres by Rad. Angelica. 

Secondary roots are such as originate latemlly from the pri- 
mary root or from parts of the stem, and which, upon the 
whole, since the mnin root is often suppieased, occur muchmore 
frequently than the primary root; in those caaes, therefore, 
wliere the distinction between primary and secondary roots is 
not sharply characterized, as with Rad. Angelicte and Rad. 
Leviatici, they may be designated simply as roots. 

Occasionally, only the secondaiy roots are collected, but for 
the most part the primary and secondary root together are offi- 
cinal. 
I Above the tip of the root, mostly confined to small tracts, and 
Advancing with the growth in length, are found the root-hairs, 
which individually (see Anatomy) become firmly attached in 
their growth to the particles of earth, and convey the dissolved 
nutritive substances of the soil to the root. 

The function of the root is to fix the plant in the soil (hence 
the central vascular bundle cylinder; see Anatomy) and to ab- 
sorb the inorganic nutritive substances aud water from the soil. 

The roots, as well as many rhizomes, are provided with a 
bark which, in some cases, is removed by paring before the 
drug is made use of (Althau, Glycyrrhiza, Iris), and in others, 
where it is rich in active constituents, it is allowed to remain 
(Calamus). Barks separated from the root are also officinal, 
thus, e. (f., Granatum (Pomegranate), the hark of the root of 
Punira Qranatuvi Lin, The root-bark of Eraimria (Rhatany) 
was also formerly in use. 

Beside the true roots, there is still a series of underground 

formations, which belong, however, morphologically to the 

I cnrgans of the stem, even though they also fulfil physiologically 

I tte function of roots. These are the runners or stolons, rhi- 

llomeB and tubers. 

The Banners {Ftagella) and Stolons (Stoloiua) which 
I smaoate from the root or from the base of the stem lie on the 
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surface of the ground or at a slight depth, and develop hori- 
zontally, often to a considerable length. They possess under- 
leaves, at least in a rudimentary state, often contain chlorophyll, 
and inclose a clearly defined medulla. At some distance from 
the point of origin, the runners are able to develop roots and 
sprigs of foliage; if their connection with the mother plant is 
subsequently severed, they develop new individuals. Radix 
Olycyrrhizm and Rad. SaponaricB consist to a large extent of 
runners. 

The typical form of stolon is shown very nicely in the so-called 
Rhizoma Caricis {Carex arenaria Lin.). The sheath-like under- 
leaves here surround the nodes, which are provided with root- 
bundles. Rhizoma Oraminis {Triticum repens Lin.) may also be 
classed with the stolons. 

The runners are botanically connected with the creeping or 
repent and decumbent stems. 

Of the underground stem formations which bear under-leaves 
there are furthermore to be mentioned: the Bootstocks or 
Rhizomes ( Rhizomata ' ). These are perennial stems or 
branches of vascular cryptogams and phsenogams, growing half 
or entirely under the surface of the ground, which are provided 
with the rudiments of leaves, the remnants of leaf -sheaths or 
leaf-nodes, and send out roots (secondary roots). We also re- 
tain the name rhizome for those cases where the roots (secondary 
roots) are collected with it, or even when these preponderate, as 
with Valeriana. Radix Sarsaparillm alone forms an exception; 
for although its rhizome occurs in part in commerce, it is never- 
theless inadmissible for medicinal use. 

The rhizome is provided at its apex with a bud, and annually 
develops new, ascending, herbaceous stems (leaves). 

The peculiarity of the rootstock and the bulb, so definitely 
characterized by nature in opposition to the root, had already 
been rendered prominent by the Greek naturalist Theophrastos ' 
(371 to 286 B.C.). 

For the most part the rootstock alone is collected (/m, 

* *Pt^a)/ia root, stem. 

* Compare Jessen, '* Botanik der Gegenwart und Vorzeit," 1864, 26. 
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Galanga). When besides a central rootatock a secondary or 
lateral rootatock is jiresent, both of them occur in commerce 
[Zingiber), althongh raruly as two aeparatc commercial varie- 
tiea {Curcuma rofunda and loni/a, the latter of which forms the 
secondary, the former the primary rootatock). Of Zedoaria 
only the primary rootatock is in nee. 

The roots of a rhizome {either alone or connected with the 
latter) form the sarsaparillas of commerce. ' 

Branched rootstocka (many-headed) are not o£ rare occur- 
rence, and then posaeas many buds (Galanga'). 

The rhizomea serve also aa receptaclea for reserve substances, 
are nearly always densely filled with reserve nutritive aub- 
'stances {starch, etc.). 

Still more pronounced receptaclea for reaerve materials are; 

The Tubers (Jnbera). — These are underground portions of 
the stem, or ramifications of the roots of phrenogams {Orchis), 
which are so thickened that their diameter approximates their 
development in length or exceeds it. Thia growth in thickness 
stands in connection with the periodical accumulation of 
couatructiYC materiaia, eapecially starch. They preaent a fleahy 
Btmcture, which after drying ia mealy and horn-like, not woody, 
as, e. g., Tuber Aconiti, Tuber Jalapa and Tuber SaUp. 
Tuber Chime deviates from the ordinary type of the tuber by its 
often very considerable length and atrongiy developed vascular 
bundles.' 

It ia, however, not only the stem which participates in the 
.ation of underground organa, occasionally it is aleo leaves 
(uder-l eaves) which form these to a predominating extent, as, 
for example, in the case of the bulbs. 

Bulbs {Bulbi). — These are fleshy, thickened under-leaves or 
parts of leaves, serving for the storage of starch and other sub- 
stances serving aa nourishment, which, similarly to buda, are 
severally iuwrapped, scale-like, about a very short axis pro- 

' Compare A. Meyer, Arcliiv der Pharm., S18 (1831), 380. with 
^.QloBtTAtiona. 

' A. Meyer, loe, eit. 430, with illuHtratiane. 

• Compare A. Meyer, Archir der Pharm,, 318 {1881), 373. 
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vided with roots, and stand above the sarface of the soil or are 
half or entirely imbedded therein. The axis of the bulb ia mostly 
flat, diak-like (Fig 1, I). The only officinal bulbs of the U. S. 
Pharmacopceia (1880) are Scilla and Allium. 

By the accumulation of reeerve substancee, aid is given to th« 
respective jtlant, corresponding to the climatic conditions, ren- 
dering it capable of attaining its full development in the shortest 
time and dnring the most favorable periods of the year. 

A Corm {Cormus) is intermediate between the tuber and the 
bulb. It ie^ btilbo-luber or bulbodium tunicalum, or a true tuber, 
which is provided with under-leaves and enveloped by them {Col- 
chicum). 

The thickened, and for the most part subterranean organs of 




the stem, above described, lead us to the consideration of the 
proper organs of the stem, growing above ground. 

Stem strnctures are formed either by the development of 
the stem portion of the plumule of the germinating plant (see 
below), or as lateral shoots on other organs of the stem, in the 
axils of leaves. 

That portion of the stem which lies between the point at 

which the cotyledons are affixed and the point of attachment of 

the root is called the hypocotylous ' member, caulicle or radicle. 

This remains mostly short (in the Hypogiete,* i. e., those 

' ' Tito under, and xozvXriSaiv (cotyledon) cavity. 

■ 'T«6 nnder, and yaia eartb. 
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plants whose cotyledons in germin&ting do not appear above the 
surface of thegronnd); it can, however, also become estended, 
and then elevate the cotyledons far above the ground {in the 
EpigiCK,' for example, Linum, Viciafabd). 

The form of a trauBverse section of the stem structure is 
cylindrical or angular. In the latter case the position of the 
leaves stands in direct relation to the number of the angles 
{LabialfE, with a quadrangular stem and cross-like arrangement 
of the leaves). On cylindrical stems the leaves are arranged in 
spirals, 

If the stems are developed in a leaf-like form, they are called 
phyllodia orphyllocladia* (Ruscus, Australian species of Acacia 
PhylhcnclK&). 

lu a ]iharniacognoBtical relation, the following organs of the 
stem come under consideration: 

Stems or Twigs (Slipiles). By these names are desig- 
nated the weaker biennial and triennial, overground axes of 
dicotytedons, which are covered with an epidermis or cork, and 
contain chlorophyll. The only example properly considered 
here is presented by Siijiea Dulcamara. 

Woods (Lifffia), By wood is understood the mostly "lig- 
mfied " tissue (see below) of overground axes (or also of dicoty- 
ledonous roots), located inside of the cambium ring, which, with 
exception of the medullary rays, has attained considerable solidity 
through a material thickening of the cell walls. Only wood of 
many years' growth of the Gymnoaperms, as also that of the 
Angioaperms, serves for medicinal purposes, with or without 
the bark, occasionally also either entirely or partially freed from 
the outermost, younger layers, the so-called siipwood or ulbur- 
nnm (see Auatomy). 

Wood upon which the hark still remains, is frequently found in 
the two varieties of Lignum QiiassiiB and in Lignum Sassafras, 
while Lignum Juniperi and Lignuvi Quaiaci are nearly always 
freed therefrom. 

I The numerous dye-woods, as, e. g,. Lignum HcBmatoxiiU (log- 

I ' 'Exi upon or over, and ya^ia earth , 

^L * ivXKov leaf, and xXdin shoot or stem. 



62 MOEPHOLOGY. 

wood) and Lignum Fernambuci (Brazilwood) arrive in commerce 
in the form of heartwood, freed from the colorless sapwood. In 
the case of Lignum Guaiaci, the valuable constituent, the resin, 
is also confined to the heartwood, although the dealers do not 
make a practice of removing the sapwood. 

In a botanical relation, the herbaceous stems (cauUs) are dis- 
tinguished from the woody trunks (trunci), which, with the 
dicotyledons, as a rule, form branches {rami). 

Barks (Cortices). The organs of the stem, as well as 
roots, are invested with a bark. The monocotyledons do not 
possess a true bark, since they show no secondary growth in thick- 
ness. The barks of dicotyledons — and such are officinal— con- 
' sist in their young condition of a predominating parenchymatous 
tissue, derma, or primary bark, which is covered by the epider- 
mis. Only barks of several years* growth, however, are brought 
into use, where the epidermis is replaced by cork. Where the 
latter is in a state of active growth, and represents a coherent 
layer, it is called periderm, outer bark, or exophlcdum.^ 

Upon further development of the overground axes (or roots) 
which here come into consideration, the growth of the original 
bark is very soon increased through the activity of the cambium. 
Within tlie primary bark there is developed the secondary bark, 
inner bark, liber (bast), or endophlmum, the boundary of which 
is very frequently sharply defined from the primary bark. The 
bark then presents also a middle layer, the so-called middle bark 
or mesophlceumy^ which, at a later period, often becomes very 
much diminished, constituting the remainder of the primary 
bark. 

When, however, the formation of cork does not remain con- 
fined to the periphery, but forms also in the interior of the 
bark tissue, the middle bark, by means of cork bands, can 
become entirely separated and thrown off. This process, the 
formation of bork or rhytidoma,' can also extend to the inner 
bark. If, through peeling, the bork-scales themselves are also 

* 'Ex, ii out of, from, and q>\oXoy bark. 

■ Mi6oi middle. 

' *Pvrii, fivriSos fold, wrinkle; daoudoo I build. 
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removed, snch a bark then consists at last almost exclusively of 
the inner bark, ae, e. g., tlie Cinchona calisaya and Coto bark. 

The inner bark is intersected by mediillftry rays (bark rays) 
wliJeh, upon a transverse and longitudinal section, are often 
plainly perceptible, without being magnified, as delicate lines. 

The fracture of barks [that is, the appearance of a fractured 
enrface], which is frequently a very useful characteristic, on the 
other hand, chiefly depends upon the fibres in the secondary 
bark (bast-bnndlea), upon the degree to which the elements of 
the same are thickened, and upon the form of combination of 
their prose nc by matoiis cells. 

It is to very long, soft, and intertwining bast-fibres that Cortex 
Mezerei (Mezereum), as likewise the bark of Rniiix AUhaa, owe 
their eminently fibrous character. The Cinchona barks are brit- 
tle, because their strongly thickened bast-tubua remain short and 
are usually isolated. The outer surface of Ceylon cinnamon 
^^mits of the ready recognition of the long, wave-like bast-bun- 
I, which here and there intersect each other. 

The cork (outer bark), is usually rejected, since it contains 

' no active constituents. If it be thin, it often remains preserved 

on the hark, and can aSord good means of distinction. Of the 

cambium, it is but seldom that remnants are preserved, since its 

' Mils possess very delicate walls. 

' Occasionally entire auniial plants, or those of a few years' 

wth (without the roots) are employed. In pharmacognosy, 

'■'these are then spoken of as herbs. 

Herbs (Herbm). These are the leafy shoots of phseuogama 
which, beside the leaves and tenderer portions of the stem (the 
main axes are often removed) may possibly contain individual 
flowers and fruits, or the entire inflorescence and collection of 
fruits. There are no reasons for the exclusion of these struc- 
tures which often accompany the leaves, and frequently it would 
be virtually impossible, as, e. g., in the case of Herba Centaurii, 
Herba Meliloti, Herba Serpt/lU, etc. 

Not unfrequently, the form of ramification of the shoots ia of 
diagnostic importance in the case of herbs. The diflerent systems 
of ramification may, therefore, be considered here in a few words. 
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The formation of homologous axes is called ramification. An 
axis^ together with its branchlets, is called a system of ramifica- 
tion. The systems of ramification appear in two principal 
forms. 

1. The dichotomous system (the axis ceases to increase in 
length at the apex) : 

{a) FoBKED DICHOTOMY.* Directly beside the apex which 
extends no farther in growth, there arise two new axes which 
develop equally, and can form the bases for further ramifica- 
tions. 

{b) Sympodium " (in a more restricted sense). With each fur- 
cation an axis is developed, ultimately stronger than the other. 
The basal portions of the successive furcations form a pseudo-axis 
(sympodium) on which the more feebly developed axes are at- 
tached as lateral branches. Such a sympodium can consist either 
of the forked branches which are always of one side (bostryx), 
or of forked branches which are alternately of the right and left 
side (wickel or cincinnus). 

2. The monopopial system « is produced by the main shoot 
continuing to grow, and forming lateral branches below the 
apex. 

The monopodium can be either racemose, i. e., when the 
main axis, even at later periods of growth, is always most 
strongly developed, or cymose, when the lateral axes overtop the 
main axis. In the latter case a pseudo-axis may be formed. 
Eegarding this compare the subsequent remarks under infiores- 
cence. 

Exogenous * formations which arise laterally on the organs of 
the stem in acropetalous * succession, and have a different form 
from the stem which produces them, are called leaves. 

The leaves arise densely crowded on the summit of the stem. 
If the parts of the stem located between two leaves become ex- 

* JiXot6mo5 cut in two {Sixa twofold) pskrta(T£jLiyoi> cut). 
*2vv entire, united, and itovi, nodc^ foot. 

*M6vo5 single, and Ttovs fool. 

* *Ex, i^ outside, and yivo^ formation. 

* *Axpc5 point, and petere to strive after. 



THB LEAVES. 65 

tended, there are formed the infenwdes,' The parts of the 
atom bearing the leaves are thus called the nodes. These are 
occaeionally swolleu (Polygonacece, Piperacew, aud the grasses). 
The pltice of attachment of the leaf ia called the point ofinser- 
Hon.* According to the diatributton of the leaves on the atem, 
there are distinguished the spirally arranged (C/ipnopoduim], 
crossed or decuBsate' (Laliiatm), and whorled leaves {Juni- 

i The stalked leavea admit of the distinction of the leaf-stalk or 




Fia. a-LonTM of Eticaluptat 
iMt olan older brsncli: b, heuc-shupea 1< 
iDdlCKlad bir dou. (Tschlrcb, in J^ 

petiole (peliolus) and the leaf-biade or lamina;' on the boundary 
of both these parts there often appears a small membrane or 
Uguie (ligHla). The base of the leaf-stem is often developed as 

' Inter, between, and nodus, node or joint. 
' Interere, to insert. 

* Deeua»are (decussio = the number ten), to divide in form of an X 
<i. e.. crosswise), 

* Lamina, a thio plate. 
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a broad sheath {vagina), and aurroands the stem in a tabe-Iike 
form. With the leaf-eheath are also to be classed the stipules 
(stipiiliE),' which are moetlj of different, but occasionally of 
the same form and color as the main leayes {Asperula), and oc- 
CDr at the base of the latter. 

The form of leaves is verj multifarious, although those which 
are developed in a broad, flat form decidedly predominate. 
If one and the same plant possesses differently formed leaves 
at different places, it is cMed heterophyllous' (Eucalyptus, 
Fig. S). Since the leaves serve principally for the aseimilatioB 
of carbonic acid in the li^ht, they present their broad, green 
surfaces to the sun. This applies, however, only to the tme 




Fia. a.— Rbrzome ot'OratiolaoSUinaU; with rooM. a—b, rbliome; M b, the ter- 
minal bud; d, under or rudimentarr leaf: c, a BbootUaulairrom the aiQotamdlmeD- 
tary le&T, and likewise provided with rudlmentar? leases. 

Foliage leaves [Folia), which are chiefly met with in the 
region between the root and the flower. It is otherwise with the 

UNDER-LEAVESorcATAPHTLLA (squama)', which are inserted 
chiefly on the basal portion of the stem, and on the rhizomes, 
stolons, etc., with a broad surface (Fig. 3). They are for the 
most part brownish or pale in color, and to be regarded as 
protecting envelopes for the tender, growing portions. The 
fleshy bulb-scales are likewise rudimentary or under-leaTes 

' Properly halm or Btraw, on account of their dry, membranous oon- 
siatence. In German, yebenhldtter. 
' Erepos the other, anil <pvXXov leaf. 
* Squama, ecale. 
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(Fig. 1, /). Siicli appear, however, also as bud-scales, on the 
npper portion of the stem, enveloping aud protecting the young 
leaf-buds; they liaye here the same function. 

The germinating leaves or cotyledons ' muBt also be regarded 
as rudimentary leaves. These possess, however, as we shall sub- 
sequently see, quite another function. 

The third form of leaves are the high leaves or htpso- 
PHTLLA {bracleiB).^ These belong to the inflorescence, are like- 
wise small and mostly delicate, and serve often as protecting in- 
teguments (the glumes of grasses). 

The leaves, particularly foliage leaves, are often entirely (aa 
with the stipules ' of Smilax) or in part (many Papilionaceee) 
converted into tendrils, although, on the other hand, all tendrils 
are not metamorphosed leaves ( Vitis, Ampelopsis, Passifiora). 

The most manifold forms and colors are assumed by the ele- 
ments of the last leaf formation, the flower. While the leaves 
of the calys (sepals) still possess a purely leaf-like nature and 
are mostly green, the leaves of the corolla [pelais] appear colored 
ftnd often of a particular form, the staminal leaves become con- 
verted into stmcturea of quite another form (stamens), and the 
pistil-leaves closed together to form peculiar receptacles [ova- 
n'e»). Nevertheless, the flower must be considered as the sum- 
mit of 8 branch, encompassed by manifold leaf organs. 

The summit of a branch or axis bearing the flowers {receptacu- 
ium. hypanihium, torus) is, as a rule, either conical or flat, but 
can also I)e enlarged in a broad or cushion-like form and he- 
come a disk' (Bulacew). It the disk lies within the circle of 
stamens, it is called an inlrasfaminal disk,' 

There occur, however, also extrastamiual disks {j^aculina). 
Ihe disk generally bears honey-glands or nectaries'; the latter, 

' Korvhr) cavity, pan. 

* Bractea, a thin, small le 
biatler or DedOtldtter. 

' In German, Nebenbldlter. 
' ^iOioi disk. 

* Intra, trithin. 

* Nectar, the drink of the gods, honey, 



of wood or metal. In German, Both- 
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however, also appearing as appendages of the perigon {Banuncu^ 
lus), or as metamorphosed parts of the perigon itself (spur), or 
even as appendages of the stamens {Cruciferos, Lauracea). 
The form of the nectaries is also exceedingly variable. In the 
case of Euphorbia Cyparissias, for example, they have the 
shape of a half -moon. 

The flower-stalk or peduncle bears the flower (flos) which, in 
consequence of the bright colors of its corolla, attracts the insects 
for fertilization. This is the physiological significance of the 
color and f ragance of the flower. Insects are especially attracted 
by the labellum of flowers of the Orchidaceae (the posterior leaf 
of the inner perigon circle) and of the Zingiberaceae (the meta- 
morphosed lowest stamen of the outer staminal circle), as also 
by the vexillum of flowers of the Papilionace© (the uppermost 
petal). 

When in a flower both the calyx and corolla are present, 
the leaves of the calyx or the sepals {sepaW) are mostly green, 
while the leaves of the corolla, or the petals (petala*), ai'e of an- 
other color. When both cannot be distinguished, or one of them 
is wanting, the floral envelopes are spoken of as a perigon.^ 
When the individual leaves are united or coalescent, the floral en- 
velopes are termed sympetalous,* gamopetalous * (synsepalous, 
gamosepalous); when they are separate, choripetalous * (chori- 
sepalous), or also spoken of in general as gamophyllous and 
choriphyllous. 

According to the arrangement of the floral leaves in the bud, 
there are distinguished the following forms of aestivation : 

Valvate (Malva, Vitis), Fig, 4a; 

Imbricate {Geranium, Veronica, Rosa), Fig, 4 b and 6 ; 

Convolute {Gentiana, Phlox), Fig. 5 ; 

Plicate or plaited {Campanula), Fig. 7 ; 

* SepaVy divided (?) 

* niraXov leaf. 

*77c/o/ around, and ydvo^ brood, seed. 

*^vv together, and itiTaXov leaf. 

*rdjLio5 marriage, and TteraXov leaf. 

' XcopiZoo to divide (x^pii separated), and iciraXov leaf. 
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and, according to the disposition of ordinary leaves in the bud, 
the conduplicate, plicate or plaited, invohite, revolute, ctrciiial 
or circinate, and corrugate or orumpted forms of vernation (vcr- 
natio). Compare also the diagrams in figures 11-15. 



I 



o 

1.— Valviw BrtitsUotm 




After flowering, the perigon, as a rule, falls ofl. In some 
cases, however, it takes part in the formation of the fruit. It 
ns either herbaceous (Chenopodiocese, Polygonaceie), or 
becomes soft like a berry {Morus), or grows out in a hair-like 
form (Eriophorvm). The calyx, by Bubsequent enlargement, 
often becomes the calys of the fniit {llyoacyamus, the Borragi- 
naceie, Physalis), and serves them for the protection of the lat- 



f^>l=^ 




iTaUoaiCSimpanuIn), a m 



b, outline, 
b as In Fie. S 



ter. Occasionally, however, there appear in its place structural 
appendages which are comprehended under the name of joa/ipKa' 
(the CompoeitEe, Vuleria/ui). The latter are either bristly or 

the fruits o( the Dandelion and the Let- 
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hair-like^ and serve as organs of distribution^ as well as of attach- 
ment of the fruits. 

In plants of the MalyacesB^ there even appears, outside oi 
the true calyx, an involucre of high leaves or bracts, forming an 
outer calyx (calyculus). In Fragaria, the outer calyx is formed 
from the stipules of the calyx leaves or sepals. 

Occasionally the perigon is reduced to small scales (lodicul(B), 
as in the case of many grasses (compare Fig. 11, I), certain spe- 
cies of Aconitum, and others. 

The andrcecenm ' of the flower consists of the stamens.' 
They form the male or fertilizing organs, and bear upon a long 
stem (filament), which is occasionally branched or expanded in 
a leaf-like form at the base, the receptacles of the pollen grains, 
namely, the pollen-sacs in the anthers.' Tl^ese receptacles, which 
are mostly two in number, constituting the so-called halves of the 
anthers or theccB,* are held together by the connective,* and, as a 
rule, contain, in each, two pollen-sacs, lying one above the other. 
There occur also so-called monotheoous anthers (Ricinus, the 
Malvaceae). It is rarely the case that one-half of the anther is 
fertile, and the other not {Salvia). The connective, which is 
mostly short and but slightly developed, becomes occasionally 
long and thread-like {Salvia), and then holds the anthers wide 
apart. In other cases ( Tilia), it forms a wide bridge. Barely 
are the anthers destitute of filaments, or sessile. 

In order to discharge the pollen, the anthers open mostly by 
a longitudinal line or chink (cleft, rima), more rarely by valves 
(Lauracese). If they dehisce toward the interior, they are called 
introrse ;* if, on the contrary, toward the exterior, extrorse, '' The 
pollen is mostly granular, and readily becomes dust-like; in the 
Orchidaceae and Asclepiadaceae, it forms glutinous masses {poU 

' ^AvTfp a man, and oiko^ house. 
^ Stamen, warp on a loom, thread. 
^*Ay^Tjp6$ blooming. 

* (d>iffijf a receptacle. 

* Connectere, to connect. 

* Intrarsus {introveraus), toward the interior. 
' Extrorsua, toward the exterior. 
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linaria, polliitiu). The pollen grains, like to the spores of 
of the cryptogame, poasesa avariously marked outer coat {erine), 
provided with bristlea or prickles ; by the development of the 
pollen tube, the inline projects in a sack-like form through the 
exine. 

If the stamens have at! coalesced to form one bundle, they are 
called inonadelp/ions' (Geraniaceae, Linaceie, Oxalidete); when 
«oaleBced to the number of two or several, polyadelphous' 
(Papilionacew). The stamens may, however, have coalesced 
with the perigon (Symphytum) or with the gynsBcetim, when 
they are called gynandrous' (Orchidaceffi, Aristolochite). In 
] tbe latter case, the style, stigma, and anthers form the fructi- 
fying column (gynonietnium).' 

Occasionally the stamens develop leaf, horn, and pocket-like 
appendages whioh, in the ease of Asclepian and Vtnceioxicum, 
nirae the form of an inner crown (corona staminea). 
Sterile stitmons are called staminodiums (Latiraoeie, Liaum, 
l^ingiberacefe). 

The gjDfficeum' (pistil') of the flower, the female sexual 
organ of the plant, is formed of the fruit leaves or carpels,' 
which are mostly closed to form one vessel, the ovary, contain- 
ing in its interior the seeds. If but one carpel takes part in 
I the formation of the ovary, the latter is called vionomerous;' 
ktiie side traversed by the mid rib of the carpel is then the pos- 
Klerior side, the line of coalescence of the Ictif-edges the ventral 
WMiture. Through the formation of false dissepiments or parti- 
■ Hons, the monomerous ovary, which is usually unilocular, can 
!ome raultilocular. When several carpels become united, the 
^ary \& polymer ous.' 

' Mdi'oj one, and d8e\<poi brother. 

* Iloktii tuftny, and dSeXipui, 
Tvt-7 aod dr-ijp, 

' Fvr^ a woman, and 6rifumf stamen. 
*rvyij wife, yvyainelor fomale household. 

* PUtUlam, pestle. 

* Kapx6i fruit. 
*Mayo! one, and uipoi port. 
' Uo^vi many, and fu'pvi part. 
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If the ovary is superior, i. e., if it occupies the uppermost part 
of the f ower, and the stamens and perigon are inserted below it, 
the flower is called hypogynous' (Potentilleee) (Fig. 8, a); if, 
however, the andKeceum and perigon are elevated above the 
ovarjr upon a cup-sbaped, annular wall, by means of an axial 
ring of the hypantbium located below the ovary, which latter 
then remains at the base of the cup, the flower is ct^XeA. perigy- 
nous' (Boaece) (Fig. S, i); if tbecupisnow firmly closed at the 
top, there is formed the epigynous flower * (Poniese) (Fig. 8, c). 
In the two latter cases, the ovary is inferior. 

The ovary is unilocular (Fig. 21) when the carpels are united 
by their edges ; mnltilocnlar when tbe carpels are tamed in- 




ward, and are in contact by their surfaces (Fig, 20). Through 
the formation of false dissepiments, a polymerous ovary can also 
become further divided (Labiatse : 2 carpels and 4 compartmenta 
or cells [nutlets or achenia], Linum), or a unilocular ovary can 
become multilocular (CruciferEe, Papaver). The false dissepi- 
ments, which, moreover, often produce hut an incomplete divi- 

I "Tird under, ywjj a woman (pistil). 
• ilepi' about, yvv}} 
•'Eni'upon, yuvij. 
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n (Papaver), are for the moat part extended growths of the 
placenta. 

If n flower contains stamens and an ovary, it la called hertii- 
aphrodt/e' ( ff , as in most of the higher plants); when these 
are contained in separate flowers, they are called diclinous or 
uniseztiiiP (Urticinie). If diclinous flowers, the male ( ^ } aa 
veil ae the female ( $ ), are found on one and the same plant, the 
term monacious ib applied' (Juglandeie); if the male and female 
flowers occur on different plants, they are called diacioua^ 
(Salicineee, Cannabis, Humulus); when upon the eame plant 
there are found unisexual as well as hermaphrodite flowers, tlie 
plant is called poli/ffnmoue ' {many Compoaitte). 
' When several carpels occur, these are mostly coalescent in the 
ovary, as also in the style (syncarpousgynsBceum, as in Malva). 
They can, however, he free from each other (apocarpous gynw- 
ceum, as in Rubus), and generally in all polycarpic flowers), 
or only coalescent in special places (partially apocarpous, as in 
Asclepias Cornuti). 

The style, the upward extension of the carpels, bears the 
stigma. The stigma is either simple (Fig. 10) orhranched (Fig. 
9) (Crocus, Fnphorhiacese), feathery, tufted (Graminese), often 
capitate, or even extended in a disk-like form, as in AscUpiaa 
and Yincetoxicwm.' It ia, aa a rule, provided with papillsa 
(Fig. 9 in 3), and secretes a glutinous liquid. If the pollen 
grains of the anthers fall upon the stigma, they develop long 
tubes (pollen tubes. Fig. 10, u), which penetrate downwards ia 
the conducting tissue of the style {g), as far aa the ovules, and 
here effect the fertilization. The fertilized ovules then develop 
to form seeds. 

Fertilization with other plants of the same species affords, 

'Ep/iatppASiToi biaeiual. 
'6 double, ttnd KXt'rif bed. 
•ytiS one, and oiVos household. 
double, two, and otnoi household. 
HoXvs many, and yduoi marriage. 
'In the last-men lioned planlB, the stigma also bears claoip-like 
bodies, to which the pollinja are attached. 
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even in hermaphrodite flowers, a greater supply of seed. Fer- 
tilization with the pollen of plants of other species produces, 
when Buccesaful, so-called hybrids. The transmiasiou of the 
pollen takes place either through the agency of the wind (ane- 
mophilous plants), or more frequently, by insect* (entomophilous 
or zoidiophilous ' plants). 

If a flower is projected on a plane, t. e., if represented iDsach 
r that, when seen from above, only the points of inser- 





flsure tar tlie eluckl&tloa at tlis pnxxsa at fenillzatlon. n stigma 
mtb Ute pftplllBS (ui, uid three poUen graliu ulread; pmrlded witb protaniilBK poUeo 
tubea{n). Of the iHttar, one liu already penelral*d tbrougtl Ibe mlcfopjle tm», Wld 
fertUins the emluyoaal fetdcle ib> conUUtieil la tbe embryo-sac I g). ;> outer. > Inner 
tnlegunieiit : c Inner, h ouKr Funlculiw ; [. nueleux : at a later period, occaslaiiBJlr f"" 
lug Into perlsperm (the endosperm Drtglnatee from the embcyo-aae) ; a, pericarp, 

tion of the separate parts of the flower are delineated by corre- 
eponding outline figures, a diagram' of the flower is obtained. 

^'Avtuoi wind, C<^oy animal, and q>i\oi friendljr, loving, 
' From Sia through, and ypdrpnv to write. 



peri 
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the diagram the stamens are represented by small circles, the 
staminodia or abortive stamens by crosses (Pig. 11), and the 
perigon leaves by segmeuta of circles (Figs. 12 and 13). The 
irtive,' y. e., the defective or suppressed parts of the flower, 
desigDated by dotted lines. 
Ordinarijy, the individual parts of the flower are arranged in 
Ircles (cycles),' the members of which alternate with each other 
(Figs. 12 and 12), so, indeed, that each member of a successive 
circle, with regard to economy of space, always lies between two 
members of the preceding circle. In a typical dicotyledonous 
(Fig, Vi), for example, the five corolla leaves lie between 




the five calyx leaves ; the first circle of stamens lies between the 
corolla leaves — therefore in front of the calyx leaves or sepals, 
the second circle in front of the corolla leaves or petaia, etc. 
Such a flower is called diploatemoHous,^ as in most of the phae- 
nogams. If, however, the first circle of stamens lies above the 
corolla leaves (thus epipetalous), and the second above the calyx 



Abortus, miacarriage. 

XvkAos circle. 

JiitXdoi double, an/uQBy stamen, thread. 
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leaves (thus episepalous), the flower is called ohdiplostemonous ' 
(Gminales, Crassulacese, Saxifragaceae). 

According to the number of circles of the parts of the flower, 
the latter is spoken of as tri-, tetra-, or pentacyclous ;' and accord- 
ing to the number of members of the circle, as tri-, tetra-, or 
pentamerous* circles. The typical dicotyledonous flower is 
pentacyclous-pentamerous (Fig. 12), the typical monocotyledo- 
nous flower (Fig. 13) pentacyclous-trimerous. 

In addition to a drawing (projection of the flower upon a 
plane), or by means of a diagram, the structure of the flower 



/ 
I 

I 





Fia. 12. Fio. 18. 

Fio. 12.— Typical diagram of a dicotyledonous flower. 

Fig. is.— Topical diagram of a monocotyledonous flower (Liliaoea) (Tschirch). 

can also be expressed by formulas,* as e. g.^ the typical dicotyle- 
donous flower : 

K (calyx) 5 

C (corolla) 5 

A (androeceum) 5 + 5 

G (gynaeceum) ( 5 ) 
which indicates that the androeceum consists of 2 pentamerous 
circles, and the gynaeceum of a superior ovary [(£)], formed of 
5 coalesced carpels (Fig. 12). If a circle is deficient, it is de- 

' Ob, oppoBite. 

* Tpt'i, rerpa, iter re (three, four, five), xvxXos circle. 

* jTpis, T€Tpa, nivTB (three, four, five), fiipos part. 
^ See under Androeceum in Eichler's '* Syllabus." 
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lated bv the mark 0, for examp! 
Be8(Fig. 11): 



in the flower of the 



K 
C 2 

A 3 + 

G (2) 

1^ Bince there is usually do diSerentlatioQ of cftly.x and corolla 
in the monocotyleaons ' : P (perigon) + 2, A 3 + 0, etc. 
If the oyary ia inferior, it is expressed by a stroke above, for 



example, O (3). 




114.— DUgnm of a cruciferoiu Sower, irlUi 4lagon&l corolla. 
IS.— IH>gT>m of a papiUonaueous flower (danoendinjj tesUvMloD in the corolla, 
ling in Ihe calyx), v, veiflluDi or stAndard ; n a, ats or wiogii ; c, carina or ke«l 



Coalescence is indicated by parenthetical marks, as (2) = two 
coalesced leares ; deduplication or chorisi's,' French didouble- 
ment,' i. e., dirision of an organ into two or several parts by 

' MoVQi alone, single, and xorvXr/, 
• Xaopl^ai to separal*. 
*Didoliblement, duplication. 
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an added exponent, which denotes the number of the parts, for 
example, 2*. 

If a flower can be divided into two equal halves (reflex images) 
by several dissecting lines drawn through its central point, it is 
called regular or actinomorphous ' (©) (Figs. 12 and 13). Such 
flowers, however, which can only be symmetrically divided by 
one section, are called monosymmetrical or zygomorphous* {^) 
(Figs. 11, 14, 15). 

If the only possible symmetrical section lies in the median 
plane ( | ), the flower is called median-zygomorphous (^), as 
in the Labiatae and Papilionacese, otherwise oblique-zygomor- 
phous (T'), as in Hyoscyamus, or transverse-zygomorphous 
(->), as in Fumaria. If flowers can in no manner be symmetric- 
ally divided, they are called asymmetrical,* as in the Zingiber- 
acesB. 

The place where the bract accompanying the flower is located 
is represented in the diagram either below or in front. The 
first leaf of the flower is then located for the most part opposite 
the bract, either above or in the rear. 

Through subsequent inversion (resupination), the position of 
the flower to the bract is occasionally reversed. Thus the label- 
lum of an orchideous flower in its natural disposition is located 
in the rear and above, and only subsequently, through reversion 
of the ovary or of the peduncle, is brought forward and below. 

The individual flowers often combine to form the so-called 
inflorescence. According to the form of ramification, the fol- 
lowing are distinguished : 

I. Racemose Inflorescence. — The main shoot (axis, rachis) 
is not over-topped by any of the lateral shoots produced thereon, 
in an acropetalous manner. 

'1. Spike (spica). The flowers sessile on the axis 
(Pig. 16 a) (Carex), to which belongs also : the 
catkin (amentum), when pendulous and falling 
off as a whole (Juglans), 

^ ^Aht/s ray, and M^ptpv form. 

' Zvyov yoke, and tiopqtri form. 

' A privativum, and 6vnutrpo% symmetrical. 



Elongated 
axis. 



Elongated 
axis. 
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/■S. Spatiix, The flowers sessile, asis fleshj, ami 
] inclosed by a sheath (spatlie) (Aroidete). 
1 3. Haceme (racemus). The individual flowers have 
L long pedicels (Cmciferic) (Pig, 16 S). 

I ("4. Head or Capitulum, The flowers eesaile on a flat- 

tened or head-shaped axis (Compoaitse) {Fig. 
16 d and e). 
5. Umbel (umbella). On the axis, which is abbrevi- 
ated to 0, originate numerous flowers with stalks 
rtened J or pedicels of equal length (UmbelliferBe). The 
lis. I umbel is often compound, so that small um- 
bels (umbellets) stand at the euii ot every ray. 
The umbels and umbellets are then mostly sur- 
rounded by a circle of bracts, called the involu- 
cre or involueel (invohicnim, inTolucellum) 
I (Fig. 16 c). 
. Ctmose Isflokescence. — The main axis is over-topped 
by one or several more strongly developed lateral axes, 

fl. Cvme(cyma'). Below theterminal flower origi- 

Inate numerous, mostly equally strong lateral 
shoots (Euphorhi(p) (Fig. 16 y). 
2. Dichasium.' Below the terminal flower origi- 
nate two equally formed lateral shoots (false 
dichotomy) VaUrianella (Fig. 16 m). 
fZ. Bostryx.' The over-topping lateral shoots of 
successive members arise on the same side of 
I their main axis (Fig. 16 i), 
1 4. Cincinnus.' The over-topping lateral shoots 
arise alternately on opposite sides of their 
( main axis (Asperifoliaceje) (Fig, 16 A and i). 
r the combination of several types of inflorescence with each 
r is formed a compound inflorescence. To this belong the 
corymb {Sambucus) and the authela, 

' Kvua the young stalk of the cabbage. 
From Sii twofold, and x^d'j cleft, separalion. 
BoSrpvi curl, tendril. 
A curl of hair. 





to UOBPHOLOQT. 

Finally, there is also to be mentioned the particnlar form of 




inflorescence of the Euphoriia, which ib designated as a cya- 



In this case, the cup-ahapeJ hypantliiuni bears numer- 
ous male flowers (each with one stamen), and a long-stalked 
lomale flower. 

PharmaoognoBtically, there belong to the flowers and forma 
of inflorescence, the develojied, complete, officinal, separate 
flowers of the phffinogams, and likewise the biuls of individual 
flowers, for example, CaryophiflU. Furthermore, undeveloped 
forms of inflorescence, Flores Cinm (Santonica), as well as the 
expanded inflorescence, snch as Flares Armcw, Floreg C'hamo- 
milla. Flores Koso (Brayera) consist of the inflorescence front 
which the petals have fallen. In the case of the compo- 
site flowers, the involucral scales are still present in the drug,, 
perhaps with the sole exception of Flores Arnica. Finally, 
Flores Rheeados. Flares Verbasci and Flores Rosts represent 
only the petals or corollas, and Crocus only the stigmas. 

From the ovary with the ovules there is prodnced, after fer- 
tilisation has taken place, the ftult containing the seed. 

Fruits, aggregate or collective fruits, or parts of fruits of the 
angiospernis and gymnusperma are officinal with or without the 
seeds. For the rind (pericarp) of the Aurantiete, which in the 
fresh state is juicy, the customary, though incorrect designation 
of cortex may be retained here, in order to avoid the introduc- 
tion of a new term. 

By the term " fruit" we mean here only the ovary which, as 
a result of fertilization, is in process of maturing, or has already 
become fully matured. Its outer wall, and the dissepiments and 
placenta, may thereby suffer the most manifold changes, by 
which other parts, including those not belonging to the flower, are 
also frequently affected, as, e. g., in the case of ihojig, Fruclua 
Juniptri, the apple and strawberry, which are therefore to be 
designated as pseudo-carps. 

In the fig, as likewise in the slrawberrg and the apple, the 
npper part of the axis participates in the formation of the 
(psendo-) fmit (hence the name : hypanthodinm '), which in all 
three cases assumes a fleshy character. In Jinnperiis, however, 
it is the three bracts of the flowers which become fleshy. 



From iJico under, and avSoi flower, 
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The wall of the ovary which becomes developed to form the 
seed-ressel is called tbepericarp (pericarpiura '). On the latter, 
from the exterior to the interior, there may often be diatin- 
guiahed three layers, diSering in their etrocture or their color, 
the epicarp (epicarpium '), mesocarp (mesocarpium '), and endo- 
carp (endocarpium*). 

The oater coatiQ;; of the fruit often shows completely the 
structure of the epidermis, i. e., it is provided with a very strong 
cuticle and with Btomata ; often, however, it is formed to a 
predominating extent of etone-celle (sclerenchyma). The variety 
of the tiBSuee and their contents is still greater in the middle 
layer (mesocarp), which in many fruits conaists of fleshy, juicy, 
or even very loose tisane. When its cells contain an abundance 
of juice and finally lose their coherence, it is designated aa pulp. 




as, e. g. in the legume of the tamarind. The inner layer of the 
fruit (endocarp) originates from the epidermis of the cavity of 
the ovary, and often develops into a hard stone-shell, as in the 
case of the almond. It is, however, not always the case that a 
discrimination can be made between the three layers of the 
ripened seed-vessel, and their relative development is very 
variable. 

Of aggregations and forms of fruits, the following are distin- 
guialied : 

' Ilepi ahant or around, napnoi fruit. 
''£»"(' upon. 

* MeSoi in the middle. 

* EySov within. 
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'The multiple fruit (syncarpiiim'), lormed by the coalescence 
of eeTeral mouomei'ous ovaries {Star-anise, Rubus idteus). 

The mericarp (mericarpiuia '), double akene, is formed by the 
BCparution of the compartments of a multilocular ovary ; tbe 
separate fruits thus produced are called achizocarpB" (TJmbelli- 
ferw. Fig. 17). 

With these may also be classed the jointed or articulated 
fruit {Rnphanus raphamstrum), the mericarps of whiehard 
akenea. 

The axis on which the two schizocarps of the tJmbelHferse 
are suspended ia culled the carpophore.* The main or primary 




Fm. 18.— fVlHtn 



ribB of umbelliteroua fruits are called costm or jugm ;' the sec- 
ondary ribs, cogt(e secundaria ; the grooves lying between them, 
vallerulfs' (Fig. 184). In the latter are located, when present, 
the oil-tubes or vtttie.'' 

' Svy together, napnoi fmit. 

• Mf'pos part, tapjtoi Truit. 
'Sxi^eo I split. Kapaui fruit. 

* Kapit6% fruit, aiid •pip^iy to bear. 
' Jitga, ridge. 

'Diminutive of vallU, vallej. 
' Vitla, band. 
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There are furthermore distinguished : 
I. Dry Fruits : Pericarp woody, coriaceous. 

(a) Indehiscent fruits, not opening by valves or regular 
lines. 

1. Nut (nux), having a hard pericarp (Cannabis). 

2. Caryopsis * (or Grain) and Akene,' having a leather- 

like, membranaceous pericarp (Gramineae, the ce- 
reals). 
With these may also be classed the Samara, or so-called 
winged-fruit, an akene which, through a subse- 
quent growth of the pericarp, appears winged 
{Ulmusy Betula). 

3. Mericarps (see above). 




Fig. 19.— Silique of Brassica oleracea. 1, closed ; 2, opened, one valve removed ; «, 
the other valve ; d, partition with the seed. 

(b) Dehiscent fruits : opening by valves or regular lines, 
containing several seeds. 

1. Follicle (folliculus''), formed of one carpel, and 

dehiscent by the ventral suture {IlHcium ani- 
sahim). 

2. Legume (legumen), formed of one carpel, but also 

dehiscent by the dorsal suture (Fig. 18), often 
with false dissepiments (Leguminosae). 

3. Silique (siliqua), of two carpels. The latter sepa- 

rate from each other first at the base ; on the parti- 

^ Rdpvov nut, 0^15 appearance. 

' lAXoci'ytoy (from a privative, x^^^^ J open), a fruit which does not 
open. 
* Dioiinutive oifoUis, a sack or tube. 
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tion which roniaiiia attached, the seeds are loca- 
ted (Cruciferffl) (Fig. 19). 
4, Capsule (capsnla), formed of several carpels, deliie- 
cent longitudinally from above (Fig. 20), more 
rarely from below, or ultimately opening by a lid 
(Pyxidium, Pig. 31: as in Hyoscyamua, Anagal- 
lis), or by holes (pore capsule, aa in Papaver 
somniferum). 
Tlie dehiscence (dehisoeutia) of the capanle is septiddal ' (or 
through the dissepiments, in fruits opening by their satnres, 
Melanthica?, Fig. 'i% a), when iu the case of a miiltilocular ovary 
the coalesced dissepiments become separated from each other 





I abo»8 iHager). 



{VolrMcum, Sabadilla); /w-H^iWt/nC (in fruits dehiscing through 
the cells of the pericarji : Liliese), when each carpel becomes 
split ID the middle [LtHmn, Scilla, Aloe). If in the latter case 
the column of the dissepiments with the seed, separated from 
the wall of the capsule, remains standing in the middle, the 
dehiscence is called aejiti/rafftil ' (Fig. 22 c). In septifragal 
dehiscence, the opening may take place from below {(Jeraniwii), 
or from above (Balsaminece, EpUobium). 
II. Fleshy Fruits : Pericarp mostly fleshy. 

' Septum, ciiasepiment, and ctedere, to cut or to break. 
*Locufus (diminutive of loeut). coinpartment, and cctdere, 
* Septum, aud frxingere, to break. 
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1. The Stone Fruit or Drape (dmpa^), endocarp very 

hard, not dehiscent (Amygdalu^r Juglans). 

2. The Berry fbacca). endocarp and mesocarp fleshy, epi- 

carp often hard (the grape, carrant, date). 

Occasionally the fruit is inclosed or snrronnded by a body 
which is mostly cap-shape«i. termed a cnpnle (cnpnla). In the 
case of the oak, this is formed from foar coalesced bractlets. 
The tanning material known under the name of ** Talon ia,'* con- 
sists of the cupules of the fruits of QnercHs Vallonea Kotschy. 

In the seed-vessel, formed of the carpels, are contained the 
ovules (ovula *). The latter consist of the funiculus * or podo- 
sperm, with which they are attached to the wall of the ovary, 
or to some special part of the ovary calle^l the placenta,* which. 






it 

Fio. 22.— Forms of dehiacence of the capsule, a, septicidal ; 6, locuUcSdal ; c, septi- 

according to its position, is termed basal, central, or parietal ;* 
the i7ifegumenis,* forming one or two coats (Fig. 10 jo «), which 
in front do not close completely, but leave an opening (the 
micropyle/ Fig. 10 ?«); and the kernel or nucleus (Fig. 10 /), 
containing the embryo-sac (Fig. 10 q), in which the embryo* 
is formed (compare Figs. 23, 24, 25). 

* Dnipus, ripe and ready to fall. 
•Diminutive of ovum, egg. 

» Diminutive o( funis, a rope or cord. 

* Placenta, a cake, from a remote analogy with the placenta of the 
higher animals. 

^Paries, wall. 

* Integumentum, a covering or skin. 

^ MiHftoi small, rtvXff gate or entrance. 
^"Eufipvov the unborn fetus in the womb. 
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_rhese oviiW, after having been fertilized, constitute the seed. 

That portion of the fruit of phanerogamB which is formed 
from the ovule and contains the developed embryo ia called the 
seed. Before the latter are ntilized, they are, for the most 
part, completely freed from the seed-yeBsel, In the caee of 
Bome seeds, the eeed-ahe!l or testa and the inner membrane are 
also removed. 

The seed consists of the seed-coata or integuments and the 
embrj'o, and frettuently, in addition thereto, of the albumen.' 
The former usually consists of an external, firm, occasionally 
very hard seed-shell or testa,' which is invested with a thin, but 
often very tongh inner membrane ; this may readily be removed, 
especially after Boftentng in water, as in the case of the 
almond, coffee and Semen Ricini, so that the kernel of the seed 
alone remains. Semen Quercus consists, in the commercial 
form, exchisi¥ely of the kernel, the two cotyledons without the 
membrane of the seed. With Semen MyTistiets or the nutmeg 
(as also with CacAo), on the contrary, the membrane penetrates 
into the kernel or nucleus, and in the case of the former, for 
example, cannot he separated in a connected form. 

The testa is formed from the inU'guments of the ovule. For 
its first development the embryo requires a, sfwoial supply of 
nutritive substances, which may be stored in the tissue of the 
embryo itself. In this case, a particular albumen is not present, 
the seed being tiius destitute of albumen, or exalbuminous, aa, 
e. g., Semtn Quercus, the almotid and mustard (and tu general 
all the Cruciferte). 

If, however, there is develojied, simultaneously with the em- 
bryo, a special tissue filled with reserve material, this is called 
albumen. If this tissue, with regard to its origin, belongs to the 
embryo-sac, as is usually the case, it is termed endosperm* 
(Umbellifene, Fig. 17 a); if, however, a portion of the nucleus 
(kernel of the ovule) hae been converted into albumen, it is dia- 




Albui, white (the wliiuof egg). 
Tenia, a vessel, or alati a shell. 
ErSoy inside, Gntoiia seed. 
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tinguished as perisperm.^ The seeds of the cardamom and 
of pepper represent simultaneously both forms of albumen^ peri- 
sperm as well as endosperm. The chief contents of the 
albumen-cells belong nearly always to the class of protein 
substances, and are frequently developed, in part, in a crystal- 
loid form. With these is usually associated fat, and not rarely 
also amylum, sugar, and mucilage. This abundance of contents, 
which, moreover, are very commonly deposited in thick-walled 
cells, mostly imparts to the tissue of the albumen a firm, horn- 
like character. In the German usage of the word, there is 
accordingly sometimes understood (rather ambiguously) under 
the expression " albumen, ^^ the entire tissue of the seed which 
contains the previously mentioned reserve substances, and some- 
times, in a chemical sense, that class of nutritive substances 
which are also termed protein bodies. 

The degree of development of the albumen is very variable. 
It is often much more extensive than the embryo, as in Semen 
Myristicm (the nutmeg), Semen Colchiciy and in Nux vomica; 
in other cases, it appears only as an insignificant appendage, as 
in Semen Linl, or perhaps also disappears at a later period, so 
that it is no longer observable in the ripe seed. 

The embryo contains, in a more or less advanced state of 
development, the rudiments of the axis and leaf-organs, the 
former shortly attenuated in one direction as the radicle or cau- 
licle (this is always directed toward the micropyle), and in the 
opposite direction often bearing the rudiments of the stem and 
leaf structures, or plumula ;' the latter may very plainly be seen, 
for instance, in the almond, and also in Nux vomica. 

The leaf-organs, embryonal leaves, seed-lobes or cotyledons,^ 
usually form the preponderating portion of the embryo, and 
occur, especially in many dicotyledons, already developed in a 
delicate, distinctly leaf-like form, as in Nux vomica and Semen 
Ricini. In seeds destitute of albumen, e. g,, in the almond, 
bean, pea, and acorn, on the contrary, the cotyledons are of a 

* i7e/j/ around or about, and drtepjiia seed. 

* Diminutive ot pluma, feather. 

* KoTvXij cavity, xotvXt^Sgov cavity of a bone, pan. 
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thick, flefiliy chamcter. With monocotyledoiiotis plants, the 
embryo ia the eeed ia UGiially less clearly ikTeloped ; in Semen 
C'olekici, Semen SahadilUt. and iii the v-nrdnmom, the cotyledon 
is not yet really distinctly leaf-like, and quite as little in the 
pepper and cxtbeb. The tissue of the embryo throughout is built 
np of more delicate cells than that of the albnmen, and this 
difference is also readily apparent without being mugnified. 

The cotyledons and the radicle are often bent in a character- 
istic mauner, as is evident upon a longitudinal section through 
Semen Stramonii, while the fruits of the Umbelliforie present 
an example of a tolerably straight embryo. A very remarkable 
foldingia shown by theenihryosof Semen Fasuuffr(eci &nd Semen 
SinapU, as in general with all Orthoplocfs, Spirolobeie and 
Diplecolobete. Outside of our sphere of consideration, there 
occur remarkably complicated foldings in the cotyledons of the 
cotton- seed. 

The seed is connected with the placenta by means of the 
funiculus ; the place where the latter enters the testa usually 
remninB characterized by its color, a depression, or an elevated 
line, and is distinguished as the htlum (Fig. 10 h. Fig. 34 h). 
Less frequently the terminal point of the funiculus is also per- 
ceptible in the baae of the seed ; if this is the case, it bears the 
name of inner hilum or chalaza ' (Fig. 24 ck). This is readily 
recognizable, among other instances, in Semen lii'cini. 

The seed is straight, atropous or ortholropotts,' when the apex 
of the ovule, the orifice (micropyle), lies opposite the hilum, 
whereby the funiculus remains short. It is thus, e. g,, with the 
Piperatefe, where the seed forms the termination of the flower 
axis. More frequently, however, the ovule together with its 
coats, 1. e., the entire seed, is reversed, whereby its apex, the 
micropyle, is moved close beside the hilum. This form, with 
the funiculus running along the back, which is the most usual 
with the angiosperms, is designated as a reversed, anatropoue ' 
seed (Fig. 24). The ovule is here coalescent with the funiculus 

' XdXa^a hail, but also a sty on the eye-lid. 

' From a privative (and d^Soj straight), and rpinbi tuni, direct, 

*'Ava HKainst, rpfnai I turn. 
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whereby a suture, rhaphe,^ is produced (Fig. 24 r), which is more 
or less apparent, e. g., in Semen Tiglii and in the cardamom. 

The reniform or kidney shaped seeds, on the contrary, are 
mostly produced from so-called campylotropous ' or curved 
ovules. With these, the nucleus as well as the integuments are 
curved (Fig. 25). They therefore also possess, as a rule, a curved 
embryo. 

With relation to their attachment^ the ovules are sometimes 
pendulous, sometimes erect or ascending, and sometimes hori- 
zontal. If in an anatropous (pendulous) ovule the funiculus lies 
toward the interior or the middle-line of the fruit, such an ovule 
is termed epifropous ' (Umbelli ferae, Euphorbiaceae). If the funi- 
culus is directed toward the outer wall, it is called apotropoua 
( Vitis, RliamnuSy Cornus). 



Fig. 28. 



Fig. d4. 



Fio. 26. 






Atropoiis ovule. Anatropous ovule. Campylotropous ovule. 

Tn, micropyle/, cA, chalaza ; A, hihim ; r, raphe. 

Appendages of the Seed.— Many seeds are provided at the 
hilum with an indurated appendage (as in the pea), which, in 
the case of Semen Ricini, Semen Chelidonii (obdurator, carun- 
cle or caruncula *) and Sem^n Colchici, still remains perceptible, 
even after drying, while in Semen Tiglii^ on the contrary, it 
readily falls off. 

A peculiar, compact, fleshy outgrowth is developed on the 
nutmeg, and is designated as the seed-covering or arillus (Fig* 

* ^Paq>7j suture. 

* KajLi7tvXo$ bent, and rpdnoo. 
**E7ti upon, and rpenoi), 
*Caro, flesh. 
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). TIlis arillus, which is known in commerce under the 
name of mace, represents the only atmctiire of this character 
which is properly treated of here. A reliitively atill more devel- 
oped arillus, but cousiatiug only of a thin membrane, incloses 
the seeil of the cardamom. The email, red, cup-ehaped body 
of Taxus fruits ia also to be regarded aa an arillus. 

The arillus always originates at the base of the seed, and ia to 
be considered as an outgrowth of the funiculus. 

The pappus, a form of appendage of fruits {page 69), is 

Ea siibsequent outgrowth of the calyx. 
niuation of the seed proceeds in this way, that with & 

ma. JD.-*niit o( itvrh 
(Hager), 

BJmtiltaneous evacuation of the endosperm which may be pres- 
ent, the plumule and radicle break through the teata of the 
seed, the former developing to form the stem, and the latter to 
form the root. Thereby the cotyledons, which are aoraetimea 
fleshy and thick (aa in the Bean), aometimee thin and leaf-like 
(RiciHU/i), are either elevated above the ground and becomo 
green (Eptgiea). or remain in the ground until their evacuation 
and rejection (Hypogtea, compare page 69). Occasionally, the 
cotyledon still incloses for some time the voung leaf-bud 
(Maize). 
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In order to obtain a satisfactory knowledge of vegetable 
drugs, an accurate anatomical study of them is in most cases 
indispensable. This part of pharmacognosy is therefore based 
upon an acquaintance with the principles of plant anatomy. 
The following lines may serve for a preliminary acquaintance 
with this very extended department, more complete information 
being contained in the text-books of anatomy.* The beginner 
should, nevertheless, continually bear in mind that anatomical 
study, unless accompanied by work with the microscope,' must 
always remain poor and deficient in its results. It would, there- 

' From dvd and rinvoo cut. 

'DeBary, ** Vergleichende Anatomie der Vegetationsor^ne," Leip- 
zig, 1877. The most comprehensive and fundamental work, which, 
with regard to the amplitude of its contents, can be compared with no 
other. An excellent English translation of this work bears the title : 
*' Comparative Anatomy of the Vegetative Organs of the Phanerogams 
and Ferns;" by A. De Bary. Translated by F. O. Bower and D. H. 
Scott, 1884 (F. B. P.).--Sachs, ** Lehrbuch der Botanik," iv., Leipzig, 
1874 (at present only to be had through antiquarian book-sellers). An 
English edition of this work bears the title : ** Text-book of Botany," by 
Julius Sachs. Translated by A. W. Bennett, assisted by W. T. T. Dyer, 
Oxford, 1875. Second edition, 1882. F. B. P.— Haberlandt, ** Physio- 
logische Pflanzenanatomie," Leipzig, 1884. — Weiss, ** Anatomie der 
Pflanzen," Vienna, 1878.— Leunis, ** Synopsis," newly edited by Frank. 
One volume, Hannover, 1882. For our purpose, there may also be men- 
tioned: Hanausek, *' Anatomische, physikalische und chemische Ver- 
h&ltnisse des Pflanzenreiclies, mit besonderer Riicksicht auf Waren- 
kunde und Technologic," Hdlder, Vienna, 1882. 

' In microscopic work, the following are very useful : E. Strasburger, 
**Da8 botanische Practicum," Jena, 1884; and, by the same;] author , 
** Das kleine botanische Practicum," Jena, 1884. 
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fore, really seem most proper to provide this chapter with an 
introduction to the construction and use of the microscope. 
There have recently appeared, however, so many publications 
relating precisely to this subject,' that we may omit further ref- 
Brence to it in this place. 

The experience acquired at the preparation table is in the 
end the most important of all ; and as chemical analysis cannot 
be learned withont a laboratory, so also the methods of micro- 
scopical investigation cannot be learned without a microscope 
and dissecting needles. 

I. The Cell. 

The elementary organs from which the body of the plant is 
coMstrncted are the cells. Although it is not necessary for the 
formation of the idea of a cell that the same should be incloBed 
by a membrane (naked 8 warm -pores), nevertheless, by far most 
cells are provided with such. 

Most plants (all the more highly organized ones) consist of 
numerous cells. Among the lower plants there are, howerer, 
many which are formed of but single cells, some of which assnme 
the most manifold forms, branch abundantly (the monldfungns 
Mueor Mueedo), and, indeed, without being in any manner 
divided by lateral wails, imitate a stem, leaf, and root ( Caulerpa), 
Of such one-celied plants, there are none which come under 
consideration in pharmacognosy in a restricted sense, although 
the yeast fungus (Saccharomyi-es cerevisia), on account of its 
fermentative action, and the^various pathogenic fungi {bacteria), 
which claim an increased degree of interest in consequence of 
the recently observed relations between them and the most dan- 
gerous diseases, as well as the Diatomeae, whose siliceous coats 



< Bebtene, "Hilfsbuch Kur AusfQhrung mibroskopiBcher Untersucb- 
ungen,'' Braunschweig, 1883, The American edition of this work has 
been noticed on page 49, F. B. P.— Dippel, " DasMikroskop." II., Braun- 
schweig, 1883-84. — For ttie tlieon>tical part, the following is verjr valua- 
ble : NAgeli and Schweudener, "Dae Mikroskop," I«ipzig, 18T7. — 
Further: Hager. " Uas Mikroskop und seine Anwendung." Berlin, 
1879.-J. Vogel, "Dos Mikroskop," Leipzig, 1885. 
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form the so-called infusorial earth, are of the greatest import- 
ance in practical life. 

THE CELL-WALL AND CONTENTS OF THE CELL. 

m 

I. Contejits of the Cell, 

The cell consists of the cell-wall, and the contents of the cell. 
The most essential constituent of the cell while exercising the 
functions of life, is the protoplasm (plasma '). This repre- 
sents a turbid, semi-liquid mass, which completely fills the inner 
portion (lumen) of cells located at the growing point, or which 
are otherwise in a state of active development. At a later 
period, there appear in the protoplasm cavities or vacuoles.' 
The latter, filled with colorless cell- sap, constantly continue to 
enlarge as the cell becomes older, coalesce with each other, and 
finally, while the protoplasm gradually contracts toward the 
wall of the cell (protoplasm-sac, primordial utricle, cell-sac), 
form a large, central cavity, filled with cell-sap (Fig. 27 p). If 
the cell has ceased to grow, the protoplasm will also have disap- 
peared, with the exception of a delicate film attached to the 
membrane. The protoplasm takes the most active part in all 
formative processes in the cell, and is the most important sub- 
stance in the cell ; the formation of the cell-wall proceeds from 
it, and to it the other constituents of the cell, for the most part, 
owe their origin. 

The cells increase in number only by division. A cell (mother- 
cell) becomes divided by a septum (which is mostly median) 
into two daughter-cells (Fig. 28). And it is considered as a law 
that with the division of the cell (of the protoplasm) a division of 
the nucleus (see below and Fig. 28) is also always associated. In 
the case of reproductive cells, a rounding of their form is also 
generally associated with their division. 

The protoplasm, which always possesses a semi-liquid, and 
(with the exception of the outernlost and innermost layer, hya- 
loplasm) a granular character (microsomes), is a body of compli- 

' UpcDTov the first, and TtXadjua organization or fortb. 
• Vaciiuvi, empty. 
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«ited compoBition, very rich in nitrogen,' which contains several 
Bnbstancea belonging to the albumen group (protein substuncee), 
together with wnter and inorganic salta (phosphates and bdI- 
phates of the light metals). It is not devoid of structure, but 
pOBsesees a fine organization.' 

SabBtanccs capable of abstracting water (such as sugar and 
jflyoerin) contract the protoplasm, i, e., in consequence of the 




<■ \ 




Fio K,— Transwnw secUon throUKh a medullaiT eell of Torodlum d 

, Ducleolurt e pnitopLnsni-fiac, cQUlrat-tpd toward the wnll (wpar&ted from 

W lattpr by nwgeQtK primonlial ulrtcle hyal pluui p. cetl-uip; f-m, cormpmul- 
tog Up« of ulJaOHDi oils d tbi! cell wall c-n tba cell nlla of adjaoent ceUs ; o, loser- 
veUuiar Bpact i Hartif; 

elimination of water from the contents of the cell, the proto- 
p^um-Bac is drawn from the cell-wall. Protoplasm is colored 

'Compare R«inke, "Studien bberdos ProtoplaBoia," Berlin, 1881. 

*'Ver]r many investigations have recently been published, relating to 
the structure of protoplaam (especiaUy by Stnisburger, Schmiiz, Tangl, 
Fonmuann, and othei-s). 
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yellowish-brown' by iodine,' rose-red by Millon's reagent, violet 
by Trommer's reagent, and red by sugar and sulphuric acid. 
Dead protoplasm abundantly absorbs coloring substances (espe- 
cially fine with eosin). Imbedded in the protoplasm of young 
cells (Fig. 87), or suspended by threads of protoplasm {Pig. 28, 
b, c), there is found the nucleus (Fig. 27 a, and Fig. 28), which 
mostly occurs singly. Tlie nucleus possesses one ortwo nucleoli 
(Fig. 87 b), and consists likewise, for the most part, of a proto- 
plasm-liko substance, in which, howcTer, the nuclein is con- 
tained in a granular form. By treatment with coloring sub- 
stances (hcematoxylin, aniline-green, alnm- carmine), the nuclei 
are rendered more clearly visible. 

Since the protoplasm has contracted in old cells to the mini- 




mum and the nnclciia has entirely disappeared, both of these play 
but a subordinate part in pharmacognosy, which occupies itself 
mostly with organs consisting of completely developed tissues, 
notwithstanding the importance of the protoplasm in the econ- 
omy of the plant itself, and in the estimation of the value of 
herbs as fodder. 

' All protein Bubstaiices are colored j-ellowbj iodine, thus protoplasm, 
gluten, protein cry atalloids (for the latt«r, iodine in glycerin is em- 
ployed}, the fundamental portion of the chlorophjll granulea, etc. 

' For these micro-chemical reactions, the compilation by Pouben may 
be highly recommended (" Botanisclie Microcheraie," Cassel, 1881. 
American edition by Trelease, see page 49). Compare also Tschirch, 
* Microchemische Reactionsmethoden im DienstedertechaischenHicro- 
BCOpie," Archiv der Pharra., 1883. 
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'^ There is another body very closely related to protoplasm, and 
like this consisting of protein nubstanoes, which ia likewise of 
the greatest importance, pliarmacognostically. This is alCD- 
rone.' or protein granules, which are found inniimeronsseedsof 
the Umbel lifene, and Euphorbiaeeie, in Vi'tis vhiifera, Silybum 
Marianwm, Myristica, Annjgdahts,()&rA&mom.\ira.,A\\Ath9 Brazil 




PqC' W, — EUlptiiwl. plainL) Mruttflc 1 Kiai\h Krauulea. •' with ■ liroml. centriU lillitm, 
from ttiE ixitylHloii ol a seed ot plaiini sativum, after Che nddlUoh of niiWr. a. prolcla 
EUlMiianoc« lateurone): i, InUivellalar spaces (.Bacbsi. 

nut {Bfrtholletin excelsa).* In many cases the granular contents 
of the ct'll, when more strongly maguifiod, may be resolTed into 

^'AXevpoy the One flour oF grain, gluten (Qerman: Kleber} ot H&rtig, 
in distinction from aniylon. AleuroDo was disco^'ered by Earlig 
{Botauiscbe Zeitung. 1$5S, p. SSI, and IS.tU. p. 357). For tUe moat 
lliurough examination of it we are indebted to Pfeffur, see Pringsheica'B 
JabrbQclier fftr wissenachartliclio Botanik, viii. (1872), 42B. 

'The following inrestigators have contributed to the knowledge of the 
oiystallieed, vegetal'lo albuminous bodies : Ritthausen (maaj publica- 
tions in the Journ, fQr prakt. Chemie ot the last few years), Maschke, 
H&geli, Sachsse, Weyl, Schmiedel«rg, Barbieri, SchirapeT, Dreclisel, De 
Luynes, OrDbler (Journ. tilr prakt. Chemie, 1881); in the latter, the lit- 
erature in collated. Compare also Husemann and Hilger, " Die Pflaa- 
zenstoflfe." 
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numerous separate granules of a rouniiisli or polyhedral form ' 
in the cotyledons of the jwa' and bean. Fig. 29 «}. which fill the I 
interveningspacoa between the starch granules (in the pea), or the [ 
entire cell (the glutinous layer in the seeds of eereals). To I 
these small granules the name of aleurone may likewise be I 
applied. In a more rcstricti'd sense, the name of aleurone is I 
applied to those large granules which, imbedded in a homo- 
geneous mass of albumen, replace etarch granules to a certain | 
extent, and which consist of a fundamental mass of an niba- 
men-like substance, inclosing crystalline (calcium oxalate) or I 
seemingly crystalline, roundish bodies {^globoids). The albumen- 
like, fundamental mass ia either amorphous or crystalline (crya- I 
talloidx); in the latter case, it is surrounded, together with the- J 
inclosed substances, by an enveloping, amorphous mass. 




Jbumen ot fietnen B 

ibtshow but iDClefliillel)' lonned m 

cherebf ciyatallolitfi, floe graaiiJee oF protein aubsliunss and 

[Bible. C, thp same anaioii warnnjd wlUi more diluted elfoe- 

)U IwcamB expeUed. and tin/ crystalloldn attacked and givdu- 



The globoids (phospliates of calcium and magnesium) are 
never wanting. Crystalloids' occur handsomely developed ia 

'Houating mediums containing water must, lioweTer, be avoided ia 
the preparation, since tlie granules thereby become destrojed. as has- 
occurred, for inslance, in Fig. 29. In the examination of aleurone gran- 
ules with inclosed eubstancea, concentrated glycerin or fatty oil is i 
always to be employed. 

'Compare Tangl, "Das ProCoplasma der Erbse." Sitzungsbericht der 
Wiener Akademie, 1887. 

'From «pii(SraAAo5 crystal, and eiSos similarity. They owe their 1 
name to C. N&geli, " Sitzungsber. der Mbnchener Akad.," 186S, p. 131. 



;he aieiirone granules of the seeds of Elaii» yiiineensh, ,Ethu»a 
Ct/nafiiu'tt, find nil Eu|>horbiaceie [Ririnuii, Vroton); tliey are 
WHiiting in tli6 aleiirone granules of umbelliferous eeede. Crya- 
tslloids occur, together witli erystals, in ^ntliusa Cyniipium. 

Occasionally an alenroue granule in each cell is distinguished 

from the others, either by its size alone, or also by inolostng 

rystals of a different formation or larger size (Fig. 31 A at c). 

Inch a granule is termed solitary (Gorman, solitdr, Hartig). 

The crystalloids are doubly refractiye,' their angles, however, 

^ire inconstant ; they arc insoluble in water. The alenrone 

grannies frfO from crystiilloids, on the contrary, dissolve for 




Fn. SI.— ^. Two gluWD^eUg rrnin tbe bh«1 oF tbe raitin. Ill Ihe cell Bt the left macfa 
■nutolBT protoplium snil n auuleua c is pnw'Ot. The uell tx Uie lighc, sHcT uompleto 
rlpenlDg. witba ljtC8E, 8<}1ILai7t(rauiile<ci. aod numenHU. amnll aleurone gmnulea. B. 
AknirooB tram tbe •eeel oT RMnnt romBinnJit with oryBtaUolda. C, Alsurono from 
Evptuirbia!. Umittica ic>, Croloa ^h\. PhgUnnl'it ibli). D. AlHuniae rrom thr eeeA of 
BartluMtlia etertta, / OisiKiluUini at • ctrMAllalil Into Bcnml arjsMlM. K, Aieurone Irani 
the ned iif Z,uptnii> la and Coniunt ld> iBsrtlg). 

the most part in pure water (Pieoniu, Lupinus), and all of them 
in feebly alkaline water. The fundamental moss, consisting of 
protein substances, is insoluble in alcohol, ether, benzol, chloro- 
form, and paraffin; it is colored yellow by iodine. 

'They therefore appear more clearly in polarized light. Compara 

also Radlkofer, " Krystalle proleinartiger KBrper," Leipzig, 185B. 
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The globoids dissolve in inorganic acids, also in acetic and 
tartaric acids, but not in a dilute solution of potassa. 

There occur, moreover, in the vegetable kingdom, crystal- 
loids which are not inclosed in aleurone granules (the potato, 
Fig. 108 a). 

The aleurone granules, as is already indicated by their exclu- 
sive occurrence in seeds, belong to the reserve substances which 
have the function of presenting to the germinating plant, in its 
first development, and before it is capable of assimilating inde- 
pendently, sufficient material for building up its organs. They 
are, therefore, of the greatest importance in the economy of the 
plant. How abundantly protein substances are contained in 
some seeds is shown by the following figures, showing their per- 
centage : Xux vomica, 11 ; Cacao, 13 ; Black Mustard, 18; 
Almond, 24 ; Linseed, 25 ; Ignatia seed and White Mustard, 27. 

These numbers are calculated from nitrogen estimations, with 
the presupposition that albuminous bodies contain 15 per cent 
of nitrogen. 

With the albuminous bodies are directly connected the chIO" 
rophyll bodies, the fundamental mass of which likewise consists 
of an albumen-like substance.* This fundamental mass (stroma), 
which, moreover, is also very soft, is of a sponge-like structure 
(Fig. 33 a), and contains in the meshes of the frame-work a 
small amount of the mixture of coloring substances, to which 
Pellctier and Caventou * in the year 1817 gave the name ** chlo- 
rophyll." * The crude chlorophyll consists of two coloring mat- 
ters, chlorophyll in a more restricted sense, or pure chlorophyll,* 
and xanthophyll.* The former is bluish-green, the latter yel- 

, » Sachs, ** Flora," 1862 and 1863.— Mohl, ** Verm. Schriften." 

« Journ. de Pharra., 1817, p. 486. • 

*XA(»/oo5 green, and <pvXXoy leaf. 

^ Compare Tschirch, " Untersuchungen fiber das Chlorophyll," Berlin, 
1884. In this publication, tlie entire literature relating to chlorophyll 
to the year 1883 is critically sifted and reviewed. At the close of tlie 
work, a catalogue of the literature is given, comprising nearly 600 in- 
vestigations. 

* ^av^oi yellow, and (pvXXov leaf. 
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low. The emerald-green color of leaves is tlnis a mixed color," 
and the spectrum of ihe leaf a mixed spectnim. While chloro- 
phyll only presents bands in the less refractive half of the spec- 
trum (red-green), and shows a fontinniil absorption of the vio- 
let : in the case of santhophyll there occur no bands at all 
(Fig. 32 ft) between red and green, hut only in the blue. Pure 
chlorophyll can bo prepared, as one of us (T. ) has shown, by the 
reduction of chlorophyllan, a rrvstalliziibie body. 




>tpure chloropbfU, 

B. Spectrum of a.a alcoholic jolullon of Mnlhophj-ll. 
Id Ihe 1«f siwctrum. baiid S ot Uie iaD[lH>ph;11 la moKtl^ cOTend br Ihr prolectloiiiei^ 
mliikl ntHorpUim of the puro cblorophjU ; at \aaal It Is alvari rendered imcleu- 
tTKhlrc&l. 

The chlorophyll granules of the higher plants always appear 
as roundish, disk-like bodies (Figs. 33, 109, 129, 161), which, 

'By meaas of beuzol, as has beeniiliownbfa, Kraus("Zur Kenntiiis» 
dOTChlorophyll-FarbBloffe," Stuttgart, 1873), an alcoholic tincture of 
chJorophfll from leaves may be split into two layers, a yellow lower 
tayer containing xanthophyU, and a green op|>t-r layer which cutitaina 
the chlorophyll. The separation is, howeTer, not quantitatlvelj exact. 
CAchirch, " Dntersuchungen flber daa Chlorophyll," Berlin. Pnrey, 




102 PLANT AKATOMT. 

when they lie close beside each other, become flattened polyhe- 
drically, without, however, coming in contact, for the reaeon 
that they are provided with a thin membrane of protoplasm. 
Tbej are the organs in which the most important process of 
plant life is efTectuated, viz., the assimilation of carbonic acid 
under the influence of light, with the formation of organic or 
carbon compounds. Only organs containing chlorophyll are 
capable of effecting this change. Indeed, we also find in the 
chlorophyll granules an abundant accumulation of assimilation 
products, and especially starch (Fig. 33, b, c, d). If a leaf of 
the peppermint, after the coloring matter has been extracted by 




Fio. 8!.— n, ChlorophjU granule,tbe aponge-Uke structure iuillcM«d tq 
b. c. d. lochHunH at starch la the chloruph;]] granule ; e, a cell with chlorophjU giBo- 
uks located aloaj; Ibe wall (TBchlrchi. 

alcohol, is placed iniodine-water(seeMicro-cheraioal Reagents), 
it assumes at one a bluish-black color ; every chlorophyll gran- 
ule contains some starch granules of a black color (see the 
iodine-starch reaction). 

The chlorophyll grannies always lie imbedded in the proto- 
plasm-sue, on the inner wall of the cell, and shrink by the 
contraction of the sac, by tha addition of reagents, or by the 
death of the cell. Since the fundamental mass of the chlorophyll 
granules is very soft, many of these flow together by this process 
to form larger masses. Thus iu drugs (green leaves and stems) 
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the clilorophyJl granules are seldom found unchanged, mostly 
foriuing within the celts shupcloss masses, iu which the granular 
etrncture can be recognized only with difficulty. 

A Bimilar condiliou also exists with regard to the maintenance 
of the coloring matter, the chlorophyll.' If, namely, leaves are 
<]mckly dried, the plant acids act but slightly npon the chloro- 
phyll, only a little brownish-yellow chiorophyllan (an oxi- 
dation product of clilorophyil) is formed, and the leaves remain 
handsomely green. If. however, they are dried without care 
and elowly, brownish-yellow loaves are obtained, in consequence 
ot the abundant formation of olilorophyllan,* Some leaves, how- 
ever, become brown even with the most careful drying {Nico- 
tiana, Juglans). 

Since the formation of chlorophyll Is dependent upon light, 
it ia found only in those parts of plants which grow above ground 
and are exposed to the light.' Leaves develoi)ed in the dark are 
yellow (" etiolement " etiolation ; the coloring matter is called 
etiolin'). All leaves and green shrubs contain chlorophyll, 
although it is sometimes concealed hy red coloring matters dis- 
solved in the cell-sap {Drncwna leaves). We meet with it also 
in seed-vessels {Jugians), and in barks, especially in the thinner 
ones (Jihamnuii, Salix, etc.). Since, however, it occurs only in 
cells which still possess the functions of life, it is wanting in 
such barks as consist entirety of permanent tissue, or in which 
the peripheral layer is wanting (Cinchona, Uinnamon). 

The chlorophyll coloring matter, being a harmless green color, 
is of practical importance. 



I The Hi 



) chlorophyll must i 



1 conBned to the coloring sub- 



's have bwn thoroughly considered by Tschtrch: 
" Eini^e pracCische Eri^t^bnisse meinerXJntersuchungenllber das Chloro- 
phyll," in Arch, der Pharm., 1884. 

' Nevertheless, \he hal T-undergrou nd leaf'bases of ISnxoma fiiieis are 
also grpen. ExceptioDs are presented also liy many green embryos en- 
rUimX by untransparent f^ui^cllsing», and by the small embryos of the 
<!oniferfB, developed in the dark. 

* From the French word flioter, to etiolate or become blanched, 
which is derived from the latin atipula, halm. 
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• 

The clilorophyll of leaves (crude chlorophyll) is insoluble in 
water, but soluble in alcohol, ether, carbon bisulphide, acetone^ 
benzol, volatile and fatty oils {Oleum Hyoscyaini of the Phar- 
macopcea Germanica is colored by chlorophyll), chloroform, and 
dilute solutions of caustic potassa (in the latter, with chemical 
change), forming emerald-green solutions, which are dichroic 
(green-red), and also show a magnificent fluorescence. 

A convenient method for distinguishing chlorophyll from 
other green coloring matters, is as follows : The alcoholic solu- 
tion of the coloring matter is shaken with concentrated hydro- 
chloric acid and ether, the acid solution then becomes blue, the 
ethereal yellow. No other green coloring matter shows precisely 
the same deportment. Pure clilorophyll dissolves with a blue 
color in hydrochloric acid, and is soluble in the same solvents 
as crude chlorophyll (see above). Pure chlorophyll appears to 
stand chemically in close relation to the lecithines, or to be itself 
a lecithine. 

The colored crystalloids of many flowers and fruits ( Capsicum 
annuuw, Rosa, Crocus, Carthamus, TropcBolum, Chrysanthe- 
mum) should also be considered here. The development of 
these proceeds mostly in such a manner that the chlorophyll 
bodies — in the beginning the flowers and carpels of the fruit 
are mostly green — by a disturbance of their form and loss of 
their original color, pass into the crystalloid coloring matters. 
The yellow coloring matters (anthoxanthin ') especially occur 
often in the form of handsomely developed crystals (Fig. 34), 
as in the Carrot, and they probably always possess, besides the 
coloring matter, a plasmatic basis." Occasionally these coloring 
matters also appear in the form of granules. 

The red and violet coloring matters (anthocyan *) are, as a 

*Froni avSoi flower, and ^avBui yellow. 

* They are capable of swelling. These crystalloids have recently been 
repeatedly examined, thus by Hildebrand, Pringaheira's ** Jahrbficher," 
1861.— Nageli, *' Sitzungsberichte d. MOnch. Akad.," 1862.— Weiss, 
**Sitzung8ber. d. Wiener Akad.," 1866.— Schimper, Botan. Zeit.. 1883.— 
A. Meyer. Ibid., 1883. 

'From av^oi flower, and xvccvao^ blue. 
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rule, disBolved in the celi-eap (red potatoes, red foliage leavea 
and petals). 

Id tlie fundamental protoplasmic maes, there is very frequently 
found liquid or solid fat, for instance, in the embryo of the Qra- 
tniuese, in the eudospcrm of liicinus, and in the cotyledons of the 
CrnciferK. The fat appears to he combined with the proto- 
plasm ill llie finest state of division. Microscopical Bections of 
eeeiU which are very rich in fatty oil {Ricinus, Tiijlium, Amyg- 
daltis, Uort/lits) eliow, when observed niidcr water, a number of 
small oil-drops, which are not visible when alcohol or glycerin, 
instoad of water, is used as the monnting medium. It is only 
after gradually diluting the alcohol or glycerin under the cover- 

Fia. 84.— CryBUllold colortnE nwUerB (anthcKUDtliln bodieai trom noweniUK] truiU 
TBchlR-h). 

glass with water, that the oil-drops are brought to view. From 
this it may be concluded that the fatty oil is contained in the 
dry seed in combination with another substance, which pre- 
vents the oil from flowing together in drops. This evidently 
very loose compound (perhaps containing albumen) is destroyed 
by water, and the oil then unites in the form of drops. 

This result may, however, be so interpreted that the tatty oil 
occurs in the cells very intimately miiied with the protoplasm, 
that the albuminous body mixed therewith becomes dissolved 
by the water, and that thus the oil is caused to form larger 
drops. However this may be, the fatty oil is evidently very 
effectually protected by this highly remarkable manner of 
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its storage ; it is, indeed, sufficiently well known that the oil 
becomes quickly rancid when the seeds are comminuted or even 
moistened. 

Many cells of other tissues contain, moreover, free fat in a 
liquid or solid form. In the former case, the drops of oil admit 
of especially easy recognition on account of their remarkable 
refraction of light, e, g,, in Secale cornutum, and in Senega 
root. The fats deposited in a solid form are crystalline, which 
may be seen with special clearness, among other examples, in 
Cacao, Cocculus Indicus, and in the Nutmeg.^ The fat con- 
tained in the kernels and shells of the Cocculus fruits consists 
almost entirely of free stearic acid.' 

In Stillingia sehifera (Nat. Ord. Euphorbiaceae), there is 
found upon the surface of the black seeds a coating of fat, and 
in PecJcia (Cgbianthus) butyrosa (Nat. Ord. Myrsineaceae), each 
of the four nuts has a pericarp several millimetres in thickness, 
the inner portion of which forms a yellow, leafy substance. 

Fats are found, not only in the seeds, but occasionally also in 
the fleshy portion (sarcocarp) of fruits (a great deal in that of 
the Oil-palm, Elceis guineetisis, the Japanese wax-trees Rhus 
succedanea and Rhus vernicifera, the olive Olea europ(Ba), in 
pollen, spore-cells {Lycopodium, Pollen Pini), in some roots 
(Cyperus esculentus), and in the passive state of fungi {Secale 
cor ?iu turn). 

As has already been mentioned, fats and oils are found in 
small amounts in almost all tissues which exercise the functions 
of life; they occur regularly in seeds. This* is readily seen 
when a section is treated with concentrated sulphuric acid ; 
the protoplasm and membrane become immediately destroyed, 
and the small drops of oil, which are otherwise scarcely visible, 
flow together to form larger drops, which are not attacked by 
the sulphuric acid. 

This is, in general, the best method for the detection of small 
amounts of fatty oil in microscopical preparations. In this 

* Compare also Moller, ** Ueber Muscatniisse." Pharra. Centralhalle, 
1880. No. 51-53. 
''Sclimidt and Romer, Archiv der Pharm., 221 (1883), 34. 
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way, one may readily succeed iu rendering visible, for instance, 
the fatty oil of LycopoiHum, of which the latter contaiiia nearly 
-60 per cent, but which dooa not admit of recognition by simple 
microscojuoal observation ; it ia only necessary to crush the 
grains, and then to add the sulphuric acid or concentrated solu- 
tion of calcium chloride. 

Id seeds, the fats play the part of reserve substances, and in 
living tissues, particularly those containing chlorophyll, they 
are an assimilation product, which evidently finds at once fur- 
ther application in building np the tissues. 

The fats are soluble in boiling alcohol, in ether, carbon bisul- 
phide, benzol. ]mraffin and volatile oils, and are colored brown- 
ish-black by osmic acid. 

With those seeds which contain fatty oil most abundantly, 
this may exceed half the weight of the kernels (after the removal 
of the seed-shells). Thus in Ami/giialiift, Cacao, Papaver, 
Micinus, Sesnmum, &\\di Crolon Tiglium ; in the latter, the oil 
amounts to nearly CO per cent. For the moat part, however, 
the amount of fat of other seeds which concern us here ia 
«maU ; linared and black mustard afford about 33 per cent of 
■oU. 

The fat of the olive, the yellow palm-oil, us also the so-called 
Japan-wax, are contained in the fleshy portion (sarcocarp) of 
the fmits of the respective plants from which they are derived. 
TThe remaining solid and liquid fats of the vegetable kingdom, 
nrhich are brought in large amounts into the markets of the 
world, are furnished by seeds. 

The fats are esters (compound ethers) of propenyl or glycerin. 
The acids combined with this radical belong mostly to the 
aeries of the ordinary fatty acids, although a portion of very 
many fatty oils and even of solid fats consists of olein, i. e., of 
the propenyl ester of oleic or elaic acid, which belongs to the 
acrylic acid series. Nowhere has a propenyl ester been proved 
to exist singly in nature ; every fat is a mixture of several such 
esters. When a fat ia decomposed (saponified) by means of a 
caustic alkali, the base is therefore always found to be combined 
vith more than one acid. 
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For U8 the most remarkable and important constituent of the 
cell-contents is the starch (amylum *). 

The latter occurs abundantly, in the form of characteristic 
granules, in seeds and other receptacles of reserve substances 
(rhizomes, tubers). The seeds which are provided with starch 
(reserve-starch) are, however, very much less numerous than 
those which contain none. It appears also in the conducting 
tissues (transitory starch), and in the interior of the chlorophyll 
granules (assimilation-starch, autochthonous starch), but thea 
mostly in very small granules. For our purpose, the starch 
granules of the reserve -receptacles are especially important. 

Between the starch and other constituents of the cells there 
exist manifold, but as yet only slightly explained relations. 
Thus in the case of Radix BeUadonnce, Budde' has found cer- 
tain relations to exist between the amount of starch contained 
in the root and the amount of alkaloid. The amount of atro- 
pine is most considerable in roots which are very rich in starch, 
and least in those which are free from starch (compare also 
page 13). 

Starch is organized and appears in the form of more or less 
distinctly stratified granules' (Figs, 35, 36, 37, 39, 42, 43, 44, 
45, 46). 

Some drugs are exposed, in their fresh condition, to a higher 
temperature in order to dry them more quickly. If these parts 
of plants are juicy, the amylum thereby suffers that change 
which is known as the formation of paste. The granules swell 
to a high degree and flow together, to form structureless masses 
or balls of paste. Thus in the case of Curnwia,* Jalap, Salep, 
some varieties of SarsapariUa, and the East Indian Aconite 
tubers. Sago is nothing more than swollen and dried starch. 

The layers (which are especially handsome in the granules 
from the i)otato and leguminous seeds) are arranged around a 

' From a {a privative), and ^vXrj mill — flour prepared without a mill. 
« Archiv der Piiarin.. 220 (1882), 414. 

•Ndgeli, **Die St&rkekorner, Pflanzenphysiologische Untersuchun- 
gen," 1858. The most comprehensive work relating to starch. 
*Berg, '*Anatomi3cher Atlas," Taf. xix.. Fig. 48. 
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common central poin^ of the granuloa, which, in consetjuence of 

tinoqiial growth, are mostly not uniformly round ; in granules 

of very eccentric eonsiniction, however, the Ittyera are in the 

form of immeaeurabty thin shells on the aide having the elight- 

I «st growth. The layers (Fig. 35) originate through an abrupt 

Tarifttion in the amount of water of the separate zones. An 

I ontermoat layer containing but very little water is followed by 

f one with an abundauce of water, then again by one poor in 

I water, el cetera. The centre of the granule, the nucleus, is very 

tldoh in water. 




in tlie potato, tery 



I IdgUf nu^nlAaL 



If the starch granule advances no farther in growth, a cavity 
I'-^hilum) generally remainsiu place of the nucleus. Tliisspaceis 
«f ten confined within a very small compass, and therefore appears 
as a email, dark point (nucleus-point) in the starch of the potato 
jmd of the rhizomes of some Zingiberaceie (Figs. 36 and id). In 
the starch granules of Tuber Colchici, Maranta (Fig. 45), 
Maize (Figs. 48 and 49), Radix Calnmbm and otlicrs, the sonie- 
vbat larger hilum often assumes the form of a star or a cross 
(Fig. 37), and in many seeds from the family of Leguminosie, as 
in Semen Calabar and the Bean, the hitum is proportion- 
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ately very wide, and extended in the direction of the axis of the 
frequently elliptical granules (Fig. 44). 

The nucleus, as a rule, is located eccentrically, although it ia 
central in the large granules of the cereals (Fig. 47) and in the 
small, round granules of very many plants.* Occasionally sev- 
eral nuclei are found in one granule. 

The layers disappear in consequence of the abstraction of water, 
when the granules are observed under liquids free from water, 
such as benzol, paraffin, volatile oils, fatty oils, glycerin, or when 
they are warmed. Glycerin loses this property to a degree pro- 
portionate to the amount of water it contains. On the other 
hand, the distinction of the layers is also obliterated through 
their intumescence (by the addition of water), even by water 
at 60 to 70° C. or a still higher temperature, but even in the 
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Fio. 86. Fio. 87. 

Fio. 86.— Starch ^rranules from the rhizome of ginger (Hager). 
Fi«. 87.— Starch granules with a Htar-shaped hilum, from Tuher Colchici. 

cold by means of saturated solutions of many bodies which are 
very readily soluble in water, such as caustic potassa or soda, 
jDotassium iodide, calcium chloride, sodium nitrate or acetate, 
and chloral hydrate. These substances increase the capacity of 
absorption of water by the starch to an enormous degree, far 
beyond the distinction of the separate layers just explained, so 
that these swell up to a uniform mucilage. 

If starch granules are pressed under the cover-glass, fissures 
and clefts are formed, which, proceeding from the cleft of the 
nucleus or from the periphery, form cracks having a course 
mostly at right angles with the layers. 

According to the very thoroughly founded and developed 

> The eccentricity in the case of Cyperus eaculentus amounts to J, 
in Canna lanuginosa to V(T. 
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f Tiews of C'nrl Nilgeli,' starch grows in aiieh n nianuer thut tlie 
f formative material inserts its<^)f betuepn the layers of the 
f granule, and is by no means added externally throngh " apposi- 
tion." The objeelioDB raised in opposition to Nageli's view of 
"iiitiisausceptioii,"' especially by Schimper' and by Arthur 
Meyer," are deduced from the suppOBition that starch possesses a 
crystal-like character. Its crystalloids, as in other carbo-hydrates 
(see text to Fig. 54 ii and h), are nuited in the form of spheres, 
sphffiro -crystal 8, but are highly characterized by the capabilityof 
swclliog. Their stratification is the result of alternate solution 
and renewed deposition of solid substance. That the granules 
mmse lew dense toward the interior is shown by the penetration 
f the solvent.' 
Occasiuufilly two nuclei stirroii'"iRrl hv a aDjinpotc =0,-;.^^ of 




"^ 



I layers (Fig. 38) are formed in a single starch granule ; if these 
I vnclei continue to separate from each other, a high tension is 
' produced in the layers common to botli, which leads to the dis- 
solution of the double granule into two separate ones {fractured 
grannies), If, instead of two, a still larger number of granules 
appears, eompound granules are produceit, which may consist of 

" Die Sl&rkekSrner," Zurich, IS56. Largo octavo, 624 pagea and 10 
I, plates (mentioned also on page 108, (oot-note 3). — '' Sitzungsberictitn d. 
MOdcL. Akad.," 18113 and IhHI; Bot. Zeituug, 1H8I, tm; also N&geli and 
Sobwendener. " Das Microacop," 1877, p. 438. 
■/ntK*. in or within ; nwieipere, to take up. 
•Batanische Zeitung, IStll, 185. 
•/Wd.. 1881, p. 841, and 1884, p. 508. 

' Compare further the restwctive references tliereto in Just's Bot 
Jahreebericht tur 1881, I., 308-lUl>. 
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very numerous indiTidual granules {Avena, Fig. 40, Spinacta, 
Sarsaparilla, Fig. 39), 

1\vfi false compound granules are formed by several separate 
granules becoming firmly agglutinated with each other through 
mutual pressure (frequently occurring in the starch in chloro- 
phyll, Fig. 33 d). 

The shape of starch graunlee is very varied.' The fun- 
damental form ia the sphere. All of the smaller, isolated starch 
grannies possess this form, such as the small granules of 
the wheat (Fig. 47), of the potato (Y\g. 43), and the so-called 
transitory starch. When the granules fill the cell and are 
densely crowded, tlioy are always flattened through mutual 
pressure, and are then mostly polyhedric (dodecahedron and 




Fm. 40,— A compoimd March granule of the Oat. resolTBd into lu separate Rranulee, 
Fig. 41,— Starch iQ bone-ahaped and club-ahaped granuleu (rom the mflkf juice at 

Euphorbia antiquorum ,- more dlfflcult to obtain from the commerclaJ " Euphorblum ^^ 

Cgum-reein of Euphorbia reainifrra). 

allied forms) {Maize, Fig. 49, Rice, Fig. 50). In the chloro- 
phyll griiuiile the umylum is mostly spindle- shaped (Fig. 33 c, 
d). Club-, stafE-, or bone-shaped structures are found in the 
milky juke of many Euphorbia (Fig. 41), club-shaped in the 
rhizome of Gaiaiifja' and branched in the root-stock of Nelum- 

' Compare the illustrations nnd descriptions of forms of starch by 
VogI, " Die gegenwartin am hS,ufigHten vorkommendeD Veru n rein i gun- 
gen, etc., dea MeJiIes," Vienna, 1880.— H, von Wagner, " Die St&rkefabrl- 
kation," Braunschweig, 1876.— K3nig, '■ Die menschlichen Nahrungs- 
und Genuasmittel," Berlin, 1883.— F. von HShnel, " Die 8t4rke und die 
Mahlproclucte, etc.," Cassel and Berlin, 1883. 

' Berg, " Anatomisclier Atlas," FliOe xix., 46. 
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bium specioaum, Willd. Sago-slarch' is prorided with swollen 
protaberttnces {Pig. 42). Independent of exceptions of thiB 
character, the spherical and ovate, or often fattened forma * pre- 
dominate. 

Although not Biiscoptible of Btrictly mathemfttical definition, 
the size and shape of the starch granules are nevertheless char- 
acteristic for individual plants. A knowledge of these peculiar- 
ities is therefore indispensable in the examination of flour and 
Tarieties of starch. Besides the smaller structures, which usu- 
ally occur, each granule possesses a predominating typical form. 
It is only when the latter has been confirmed, in its definite 
I shape and size,' by a large number of granules, that one can 

I assume that a certain variety of starch is present. 

^^^1 In the examination of starches, this is the only means for 

their identification, but it is otherwise with varieties of flour. 
The latter consist of ground fruits and seeds, and thus con- 
tain, besides the starch granules, remnants of cells of the inner 
tissue as well as of the integuments, and often also remnants of 
hairs (Trilicum), In the case of flour, these remnants may 
therefore be very well used as a guide in their examination.' 

' Compare also Wiesner, '■DieRohBtoffedeHPflanzeiireiche9,"LeipBig, 
1973. 

•For ei&mple in Zingiber, Berg's Atlas, Plate xi., 49. 

*Mea«urenientB of the size of the granuleB (bj the aid oF the ocular 
W tnlcrotneter) must always be undertakeu. The linear diameter is deter- 
mined. The unit ^of measure is tlie inicro-millimijler {fi or mic.) = 
j^ mm. = 0.000001 m. 

'Compare Wittmack, " Anleitung zur Erkenaung organisoher und 
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The most important forms of starch are the following :' 
1. Potato Starch {Solanum tuberosum. Figs, 43 and 108). 
Type: large, eccentric, very distinctly stratified, quite irrcgii- 
lar granulex, which are rounded by three or four cornere; they 
are oft«n rhomhic and wedge-ahaped, but never flattened. The 
nacleus is at the smaller end. 




Fio, «.— Bean starch 



Secondary form : small, roundish, and medium sized, half or 
completely compound granules. 




starch (Tschireh), 



2, IJkan Starch {Phjsostigina, Vicia and species of PJiase- 
I'luH, Fig. 44). Type : bean-shaped to kidney -shaped, dis- 
tinctly stratified granules, which are always simple. The 

Mtiffixanucher Beimengungen im Roggen- und WeJzenmehl," Leipzig. 
)*M. 

' A K'fml key for use in determining the varieties of starch has been 
fflTMi \iy V'lgl : " Nahrungs- und Oenuesiaittel aus dem Pflanzenreich," 
Vt«(irui, IW3; compare also Etinig, " Nahmngsmittel," II., p. 405, 
V/utpter and others. 
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JUS is not yi^iible, Bince the granules are nearly always tnv- 
•A by a broad, radiately branched, longitudinal cleft. 
Secondary form : small, roundish granules.' 

Maranta Starch, Arrowroot starch (Maranta arundiiut- 
eea. Fig, 45), Almost entirely typii^al forms : more or leae flat- 
tened, nearly quadrangnlar, rhombohedral, triangular, clnb- or 
pear-shaped granules, with a distinct nucleus located at the 
broad end, and often traversed by an occasionally three-rayed, 
lateral cleft. Stratification distinct. 

4. East Indian Abhowroot {Curcuma Uucorrhim and C. 
ani/ti«tifolia. Fig. 46), Type: distinctly stratified, flat, tabular 
or OTal and lengthened, triangular granules, drawn out to a point. 
on one side, which contains the nucleus, without a cleft. 

I Secondary form : small, triangular grannies. 
B. Wheat 
la) La Rat 




1. «.— starch of CUreumo levcorrhtta fKoeoigi. 



\ 5. Wheat Starch {THHcum vulgare),* Fig, 47. Type : 

(«) LARaE HRANULES, flatly lenticular, almost exactly circu- 
lar, without a cleft or a distinct nucleus. They are four timeg 
larger than the following : 

(i) Smali. QBiNDLBS, fouiidish or polyhedral, often con- 
nected in pairs. 



'Specific characters for tlielciiacriminiition of bean- and pea-starch- 
have been given by Tscliircli, " S^iarkecuehlanalyseii," lu ArtLiv der 
Pliarrn.. 3^2 (1684), p. 921. 

'The rya and barley have aimilar gtmiulea. For further dt-taila 
regarding them, compare tbe previously inentioned niooograplis on 
starch. 
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Secondary form : slightly roaodisb granules, haviag a form 
intermediate betveen the two preceding. 

6. Maize Stabch {Zea Mays, Figs. 48 and 49) presents only 
typical forms. 

(a) Horn endosperm (Fig. 49): sharply angular grannlesf 




A' 







op 

-a 



vithont distinct stratification, and mostly prorided with a 







no. IS. Tia. 40. 

Fio. 48.— Kalie March gTUmles rrom the terbwcnoui endoBperm (l^cUrch). 
Flo. 41>.— Hklie starch from the ham endwperm ITichlrcb). 

cleft ; they are in close contact with each other, and completely 
fill the cell. In the flonr also, several granules are often stiU 
coherent. 
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(6) Farinaceous endosperm {Fig. 48): granules more round- 
ish, octraeionally without a cleft. They do not completely fill 
the cell, and therefore are not sharply flattened polyhedrically 
against each other. 

7. Rice Starch {Oryza saliva, Fig. 50), only typical forms ; 
very shai-ply angular, almost crystal-like, fractured granules, 
occaeionally several 8till connected, without a nncleus cleft. 



O o 



<9 



<xbQ^ 



Pio. so,— Rice alareh (Tschiroh]. 



ao 



8, OiT Starch {Aetna mtiva, Fig. 51). Type ; large, oval 
aggregations, as much as -j-JSj mm. (50 ft) in size, composed of 
from two to three hundred granules and their components 
(Fig. 51 b). The latter are polyhedric and sharply angular, 
without a distinct nucleus. 






t Secondary form : small, roundish, spindle-shaped,' similar to 
B fractured granuleSj the so-callod " filling starch." 
Like the cell-membrane, the starch grauiiles, in consequence 

'MoellerC'Die Mikroskopie der Cereftlien," in the Phatm. Central- 
halle, 1884, No. 44-48} declares these to be the characteristic forms. 
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of their stratified structure, are also doubly refractive. In pola- 
rized light each granule displays a black cross, the arms of 
which intersect at the hilum (Fig. 52). 

When the structure of the granule is destroyed, either through 
tumefaction or by torrefaction, it immediately loses its optical 
properties, though agents which produce swelling, but which 
have neither an acid nor an alkaline reaction, produce no 
change, at least in a chemical sense, in the substance of the 
fitarch. The optical properties therefore appear to be dependent 
upon the manner of construction of the granule. NevertheleeSy 
Nageli entertains the view that the micellcB^ of starch (a term 
which he applies to the complex of atoms, surrounded by a film 
of water, which through intussusception become separated from 
each other), like those of the denser cell-membranes, are origi- 
nally crystalline, and show the deportment of optically uniaxial 
orystals, but only so long as they have not become disintegrated, 
wliich Nilgeli assumes to take place upon swelling. 

Starch, as the most important reserve nutritive substance, if 
contained in an extraordinarily large number of reserve recepta- 
<ilo8, thus in seeds (endosperm of the cereals, the cotyledons of 
many Loguminosae), Semeti Cacao, Sem. Myristicm, Sem. Para* 
//m/, *sV//f. Pipen's (v. Piper album), Sein. Quercus, while Sem. 
Cildonia\ Sem, Lini, Sem. Sinapis albce and probably others 
contain starch, at least before ripening. Furthermore, in rhi- 
zomes {Maranfa, the Zingiberacese, Aspidium Filix-mas, Asa- 
rum. Calamus)^ in roots (Alfhcpa, Saraaparilla, Krameria, Ipe^ 
vacuanha. Rhubarb, Belladonna), and in tubers {Pofafo, Salep, 
Jalap, (^tlrliirum). 

A ronuirkablo exception is presented by the roots and rhi- 
zomes of the Compositas which contain no starch, or only tran- 
nitorily, and then but extremely small amounts of it. It is fur- 
llu^rinore wanting in Padix GentiancB, Rnbice, SaponaricB, 
(<vuvii(P, and in the rhizome of Triiicum repens, at least in the 
Hta>;:t»s (»f development which here come under consideration. 
In all these organs its place is supplied by other substances. 

' Unjustiflublo diminutive of mica, a small crumb. 
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Ultimately, the entire starch of a plant owes its origin to the 
chlorophyll grainiles, and although it miist be accepted with 
certitude that it is not the first product of assimilation, it is, 
nevertheless, the first which is visible. From the assimilnting 
tissue it then emigrates into tbe condncting tissnes, and in 
these to the place of consumption (constructive tissue), as also 
into the repositories of the reserve su!)stiin(>c3 (seeds, rhizomes). 


1 




If "^"^ if 


1 


1 


no. as. -I. to V. SUreh granule. Id pol«ri»<l Ught ; bU Ihs taj-era nre traversed hy e, 

Since it cannot, however, as such, penetrate the membranes, it 
is very probably converted previously, through fermentative 
action, into dextrin or sugar. These substances can circulate 
dioamotically through the membranes. Nevertheless, the " paths 
of the starch " ' are also characterized by the occurrence of small 

k 
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starch granules, aince the above-named transformation products 
poBsesa the inclination, under suitable conditions, to again 
become depoEited as solid starch (transitory starch). These 
small starch -granules, which are in process of migration, are 
thus found in the so-call»i slarch-shenth, and in the eieve-tnbes 
and medutlury rays. They are also contained in some fruits 
before ripening (Olives, Fruclus Conii, Fntctus Juniperi, 
likewise the Fig). 

How the formation of starch is effected in the chlorophyll 
granules (Bssimllanng-starch, p. 108) is, meanwhile, etill an 
enigma. Only so much is certain, that for its production light 
IB required,' while potassium also apx>ears to be indispensable 
for it.' 

The manner of circulation of starch may he elucidated by a 
single example. The species of Orvhiit which afford salep pos- 
sess, after the close of the [wriod of vegetation, a tuber which is 
filled with starch and mucilage. The tuber is quiescent during 
the winter, and in spring develops a stem bearing the leaves and 
flowers. During the entire first period of development, the 
tuber provides the young shoot with nutritive material ; the 
starch migrates from the tuber upward into the shaft. In the 
course of further development, the leaves unfold, and nownnder- 
take on their own part the new formation of starch. But even 
now the plant provides for a future year. Beside the old, and 
now entirely exhausted tuber, a new rudimentary one is formed, 
into which the starch formed in the leaves migrates downward, 
in order to furnish the constructive material for the young plant 
during the next year. 

If the starch is dissolved in a reserve-receptacle, the gran- 
nies do not disappear at once, hut solution gradually takee 
place, whereby a peculiar corrosion often occurs. Such cor^iied 

' Compare Saclia, '• EiperimentalpliyBiologie der PflanEeii," 1865 ; 
furthermore, Botan. Zeit.. 1S03 and 1804, '■ Flora," 1883. and researchps 
of the Botanical Institute of WQrzburg, I8ti4.--OodlewBki, Krakauer 
Akadem., 18T6.-Bahm, Botan. Zeit,, IbTS, and others. 

•Proved by Nobbe in 1871, 
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iMtarch-graiiHles are particularly well observable in tho firBt 
stages of germination (Fig. 53). 

We are acquainted with starch in the plant only in the solid 
form, although compelled to assume that it is formed, or in a 
manner crystallizoa out, from a liquid. 

Starch forms a glistening powder, the specific gravity of which 
varies according to its origin, but does not deviate much from 
1.5. In the air-dry condition, it incloses from 13 to 17 per cent 
of water, after the removal of which its density increases, accord- 
ing to its derivation, to from 1.56 to 1.63, While air-dry starch 
floats upon chloroform, it sinks therein after having been 
deprived of its water by heating to 100" C. Dried starch quickly 
absorbB again from the air the eliminated water. 

The small amount of incombustible substances which it con- 



G'i 



tains, about 0.5 per cent, can probably be explained only by 
I Bopposing them to be deposited mechanically. 

The composition of anhydrons starch correspondB to the 
tormula 0„H,.0,„, although Musculua (1861 and 1870) and W. 
[' NSgeli have shown that the formula 0,,H„On or C„H„0„ cor- 
responds still better to the facts.' 

J^ncbs (in*1831) found that starch granules are attacked by 

Mltva. C. Nageli, who pursued the subject further, came to 

_0ie conclusion that the granule is built up from cellulose and a 

Bcnliar starch substance, granulose. According to his view, the 

relating to the elenipntary composition of starch, 
W. Nageli. Sachase, PfeiSer, Tullens aod Salomon. 
-Hilger, " Die PflimzenatofTe." 
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saliva acts upon the luttcr subetance, dissolving it, and leaving 
a frame-work or skeleton of cellulose behind. 

On the other hand it is to be remembered, as one of ua has 
shown," that the "granuloae" has lost ail the cbaractera of 
starch. Furthermore, the acceptance of cellulose in the residue 
is based upon its solubility in ammonincal solution of oxide of 
copper, the loss of its property of swelling in hot water, and the 
non-appearance of any coloration by treatment with iodine- B«t, 
on the one hand, amylum is itself soluble to a slight degree in 
ammoniacttl oxide of copper, and, on the other hand, " granu- 
lose'Ms juat as little colored by iodine as the here accepted 
cellulose, while the swelling property of starch may also be 
destroyed by boiling with glycerin and water. There are thus 
not sufficient reasons presented for concurring in Nfgeli's pro- 
position. 

Starch containing water, but not that which has been depnved 
of the latter, possesses a highly remarkable attractive power for 
iodine. It is capable of so combining with it, that the granule, 
the muuiluge, or the solution of starch thereby assume colora- 
tions which correspond to those peculiar to iodine itself in its 
different conditions of aggregation and in its solutions. The 
bine, violet, or reddish color which amylum presents when it ia 
brought in contact with iodine was first observed by Colin and 
tiaultier de Olanbry' in March, 1S14; the other shadings in 
Tiolet, red, reddish-yellow, yellow, and brown were studied in 
18C3, and later by C. Niigeli with great thoroughuesa. These 
shadings of color are limited by the varying reciprocal relations 
in the amounts of iodine and starch, as also by the presence of 
hydriodic acid and other substances. 

Slight amounts of very small starch grannies as iu chlorophyll 
(page 102) may be made more distinctly visible by causing them 
to swell by means of caustic alkali, subsequently washing the 

' FlDckiicer, " StOrke unii Cellulose," in Archiv der Pharm, 196 (1871), 
7-81. 

'" AnnalesdeChimie" 90, p. 93. — Stroraeyer, at Odtiiagen, in Decem- 
ber, 1814, poiniM out the delicacy of this reaction in Oilbert's" Annalen 
der Physik," 49, p, U". 
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action with acetic acid and then with water, and finally 
i9ding iodine solution. 
Though the force with which starch appropriates iodine is 
""quite consideraljle, it can, neTerthelese, not be proved that the 
product is a chemical compound. Even dialysis, as also gen- 
tle warming, and even simple exposure to the air, is capable of 
F -diminating the iodine from the compound. 

Only cellulose, under certain conditions, shares this behavior 

I starch to iodine. Beside lichenin (see Index), there is to he 

mentioned here also the amyloid of Schleiden, a form of cellu- 

e which is capable of swelling, is colored blue by iodine, and 

scura in the cotyledons of many of the Leguniiuosse, for 

instance, in those of Tamarindus. Certain membranes of the 

fcyphie of lichens also assume with iodine solution a blue color. 

The amonnt of amylnm, even in such plants and parts of 

~ kuts OS are abundantly pronded therewith, must necessarily 

I subject to great fluctuations when the before- mentioned 

bsction of starch as a reserve substance is taken into considero- 



Pdtatoea and the rhizomes of the Maranta (Arrowroot) 

iflord, for instance, from 9 to 36 per cent of nmylum with ref- 

rence to air-dry suhatance, and SarsapariUa is likewise a good 

mple of the fact that the percentage of starch is very variable. 

"he statements relating to the quantity of starch present in 

iT-dmgB can therefore be of value only under dednite conditions. 

The size of starch granules is very variable, although, for the 

same kind, remaining within narrow boundaries. The largest 

are found mostly in the underground receptacles of reserve snb- 

ces {Sohtiiim tuberosmn as much as 90 /j,' Canna lanugi- 

i as much as 170 fi), the smallest in the seeds of some 

jecies of Acaciu (about 1 ia). 

An approximate representation of the relative dimensions is 
^ven by the following figures : 



eI13). 






= O.0OOO01 m, (oDtnpttre 
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ATEEtAGE MEASUREMENTS. 

Potato, 

Wheat (large granules). 

Wheat (small granules), 

£ast Indian Arrowroot, 

Maranta^ 

Pea, 

Bean, 

Maize, 

Rice (divided granules). 

Oat (divided granules), 

Rad. Calumhm, 

Rhiz. ZedoaricB, 

Tuber Jalapce, 



According to 

Wiefmer, HOhnel, Wagner, 

Length in n, 

60 
26.9-28 

6.8 
50-CO 
27-54 



According to 
Tschlrch! 
Length in ^. 

56.0 

33.0 

6.0 



I 32-79 



32-46 
29-39 



i< 



(< 



15-20 13-19 

5 5-6 

4.4 7-8* 

As much as 90 li 1 

'' 70 li I a<5Cording to 
" 60 /i J Pl^ckiger.* 

Another constituent, related in its functions to starch, is 
innlin^^ which Valentine Rose, in 1804, first observed as a de- 
posit from the decoction of the root of Inula Helenium; Thom- 
son* designated it as inulin. It occurs chiefly in the roots of 
plants of more than one year's growth belonging to the family of 
the Compositae, and has been detected elsewhere in but few cases.* 
Prantl ' has obtained, for example, quite a considerable amount 

of inulin from the roots of the flowering Campanula rapuncu- 
' Tlie average from 100 measurements. Regarding the relations of 
shape as well as size, see the very detailed statements of Kdnig, 
** Nahnmgs- und Genussmittel," XL, 408 et seq, 

* I found (as did Wiesner, in opposition to Konig), the oat granules to 
be always larger than those of rice (T.). See A. Tschirch, "St&rkemehl- 
analvsen" in Archiv der Pharm., 223 (1885), pp. 521>582. 

* *' Pharmakognosie des Pflanzenreiches," iirst edition (1867), pp. 237, 
1T7, 251. 

* Compare, regarding inulin, Sachs, Bot. Zeit., 1864. Holzner, <* Flora, '^ 
l*^ l^M, 1867, and the publications cited below. 

* ** System of Chemistry," IV. (London, 1817, fifth edition), 75; also 
ia «ir{ier editions, previous to the year 1811. 

* TLat the Australian Lerp-Manna, in opposition to former assump- 
Siiveu. ^^tains no inulin, is now definitely established. Wittstein^a 
•iVfT^ijahrsKhrift ftlr prakt. Pharm., XVII. (1866), 161, and XVIII. 1. 

' Om Inolio," Munich, 1870, 43. 
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loi4leg L., and Kraus ' found it also in the families of the Cam- 
panulacere, Lobeliaceffi, Goodetiiace®, and Stylidiace^B, which 
from a BjBtematic point of view, are each and all connected 
with the Compositje. InuHn has, moreover, been proved by 
Krana to occur in the roots of lonidium Ipecacuanha, of the 
family of ViolaceiB.' In the family of Compoaits, inulin pos- 
eesees the function of amyhim ;" it is distinguished, however, in 
..general from the latter by the following main points.' 




n.— Olobnlar sgKTegaUoii* o( crjalais (sph^ro-cryBlalBl from Bada Inula, by 
SBping trwh ptweg of the root for a lonR Ume in glycerin. B. wlls (Uled with 
A. wponle. •CmnKly mOKniflt^ ageiv^tloiis (Saiiba). Fia. (IS, 
I ffich an BggregalilDB in pulariiinl iigbt (Dippel), 



' Bot. Zeitung, 1875, 171. 

• Flilckiger, " Pharmakognonie," 1883. 896. 

' Starch has been found in but a few roots ol the Compositfe. Yogi, 

*' Eotninentar zur deterreich. Pharmakopde," 1869, p. 347 and Dippel, 

•' Daa Mifcroskop," II. (1889), 27. Nevertlieless, according to Kraus, 

the chlorophyll granules, the atomata cells, aa also the r tare h -shea the 

I and aieve-tu'beB of plants which form inulin contain atarch throMghout, 

'Compare further: Dragendorff, "Material zu einer Monographie 
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In living roots or leaves, inulin does not separate out in it 
solid form ; it is only when water is abstracted from the solu- 
tion, in which it is there contained, that it forms either glass- 
like, amorphous masses, or fine, soft, needle-like crystals of the 
rhombic system.* The latter may combine to form larger, 
radiated, spherical aggregates or sphmrO'crystals (Fig. 54 a and 
h)y which are best obtained when entire Dahlia tubers are placed 
in absolute alcohol or concentrated glycerin. After some days. 





Fio. 54 ft.— Sphflpro-crystals of inulin from Dahlia tubers. 

in consequence of the slow abstraction of water, the inulin 
crystallizes in a|:;i:regations, which cannot be obtained by simple 
drying. The leaves of the Compositi\3 must be prepared for 
dehvdration by previously boiling them with caustic potassa. 

Crystallized inulin, when observed in polarized light, is seen 
to be doubly refractive (Fig. 52, p. 119, No. VI.), though less 
strikingly so than amylum ; the crossed arms do not appear 

des Inulins," Petersburg, 1870. Kiliani, Liebig's Aniialen, 205 (1880) 
145-190. 
' Bot. Zeitung, 1876, 868. 
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nry distinctly on the Bphrero- cry stills, and the amorphoiiB 

e neither donhly refractive nor Btratified, 
, "With this deficiency of organic structuro is connected also 
I lesser capacity of combining with water. In opposition to 
amylum, the composition of which corresponds to the formula 
(C.II„0,), + 3H,0{= 14.2percent of water), air-dry innlin con- 
tains only from 5 to 10 per cent of water. On the other hand, it 
disBolves readily in hot water and separates therefrom unchanged 
npon cooling, provided the solution had not been exposed for a 
y time to a higher temperature In the latter oa«e, the inn- 
fin very readily passes into nncryatallizahle, lasvogyrate fiugar. 




-Qroupn of Oae needle-Hhaped erretjUis (rlmpbldM) trota Badix SartapariOa. 

[ The solution of innlin itself likewise deviates the plane of 
polarization of a ray of light to the left ; solutions of starch, 
which are obtained hy the aid of chloral hydi-ate or by certain 
salts (page 110), rotate to the right, as does also the crystal lizable 
grape sugar obtained from stjirch. The aqueous solution of 
iiiulin is never paste-like ; it is an actual solution in the ordi- 
nary sense, while the paste of starch is produced only through a 
swelling of the granules. 

Inulin is not colored by iodine. Indeed, we possess no reagent 
lor it, and are only capable of recognizing it by confirming sev- 

u#ral of its physical properties. 

" The amount of inulin contained in the Compositfo is very 





oxalate, which an attaa afqvoximalelf 1 mm. Id lenlltiL 
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riable, in many cases very slight, as for instance in Rhizoma 
Arnicw. From dried Radix Imilw, on the other hand, Dragen- 
dorff obtained 4i per cent of inulin ; from tlie root of Taraxa- 
cum, gathered at Dorpat, Russia, in October, and dried at 
100" C, 24.3 per cent, while the same root in March afforded 
only 1.7 per cent of inulin. 

The great periodical fluctuations, and the want of a reagent, 
may explain why it has not yet been possible to detect inuHn 
in many roots of perennial Composite. 

Although inulin never occurs in crystals in the living and 
dried plant, there are other crystalline snbstancea which occur 
uot infrequently iu the tissue of the coll. Calcium oxglate 
especially is widely distributed. 

In very many plants calcium is deposited in the cells in the 
form of distinctly crystallized oxalate. 'I'hia salt mostly corre- 
sponds to the formula CaC,0, + H,0, and belongs to the mono- 
clinic (clino-rhombic) system of crystals. Occasionally, how- 
ever, forms of the quadratic or tetragonal system are also to be 
seen ; this variety of oxalate contains 3H,0. 

When calcium oxalate is prepared artificially, and the salt 
separates rapidly, the first-mentioned compound is obtained 
either as an indistinct crystalline precipitate, or in well recog- 
nizable monoclinic forms ; the quadratic oxalate, on the con- 
trary, crystallizes during the slow evaporation of a hydrochloric 
acid solution, or also upon the admixture of very little calcium 
chloride with an extremely dilute solution of oxalic acid.' Fre- 
quently, under slightly changed conditions, a mixture of both 
compounds is produced. 

The two forms of calcium oxalate are of exceedingly frequent 
occurrence in the vegetable kingdom. The needle-shaped crys- 
tals, rhaphides' (Fig. 55), appear to belong to the monoclinic 

' With regard to the more pret^ixe conditions, compare Souchaj and 
Lenueo, Aiinalen derChemie u. Fharm.. 100(1856), 311-825. 

' From /Oap/s, the needle. A. de Candolle, in 1S26, introduced tha 
term rajihideg, in order to avoid the use of the word crjatais, as he sup- 
posed [erroneously) those depoB[ts of oxalate of calcium not to consist 
of cryBtala. 
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syatem; these occur separately or in groups, particularly in tho 
root formations of monocotyledons, very notably in Bulbut 
ScilliB (Fig. 56), and in Radix SarsiipariUa (Fig. l-^3'),but also 
in stemfl and leaves, as, for instance, in the Aloe (FJg. 63, cr). 

The undeveloped, crystalline, powdery oxalate, which is met 
with, for instance, in the Ciiichotia harks, in Stipes Dulcamara, 
and in Radix Belladonnis, should probably also be considered 
here. Such deposits become better recognizable when the sec- 
tions, freed as much as possible from air, are observed in pola- 
rized light. More distinctly and variously developed are the 

Vm. ST. Fio. M. 




Tio. 87.— Pundaniental form o[ UiBmonocllniiirrjsifllH of caleluDi oislnif, 
"ooe molecule oC wat«r. Thiaformt headyoht^drun. jvftiMiiblea Id appekranc 
bobedron oC IhehexseonslBy^Eein. and Ig therefore otUm dealgnktod u " r 
dron-llke oxalnto." 

Pio. AS.— o, HendyoliKlroD ; b and c, cryHsli ot tbe monoellolc lyneiii In Carte* 
FVanjniJiE. derlTvil bj (nincaUoii froin tba lUDdameaUl form (from Dlppel). 

crystals which in form approach that ot the hendyohedron I 
(Fig. 57), which may be regarded as the fundamental form of I 
the monoclinic salt. Very handsome and very regularly devel- 
oped crystals of this kind occur in Radix Caluiitbts, Folia 
IJyoseyami and Cortex Frangulm (Fig. 58), and particularly 
also, in a considerable variety of forms, in the non-official 
^rk of Liqiiidatnbar orientalis Miller, which yields the StyraX 
iiquidus. In Cortex Auranliorum the crystals are likewise 
quite large and are inclined to be sharpened in a striking manner. 
' Compare also Schleiden, Arctalv der Pharm., 1847, Plate I., Fig. 5. 
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I Forms of jwculiar appearance, produced by liemitropy, and 
30gaizable by their inwardly inclined angles (Fig. 59), occur 
J the bark of Guaianim oficinale and Quillaia Saponaria.' 
Much less widely extended, at least within the sphere of drngs, 
B well-devoloped forms of the quadratic system {Fig. 60), such 
B are found for instance in oak-galls {Fig. Gl), Oxalate crys- 
' ials of this Bjstem alao occur in many leaf-stalks, and are par- 
ticularly handsome in the Cactete, in species of Begonia and in 
Pauhtenia imperiaJis Siebold, furthermore in Urceolaria scru- 
posa Ach. and other lichens. 



m 



1 1 



clam DimliUe from (hrttx Gitaiaei or Coriex Quittalm 
u^ralBurFkcc: c. somewlMt turned ; b. more HrongL/ iiKS- 
iiUled uid icirneil [o theeitentof M° <DLppeh. 

Id lihiz. Rhei, Rod. Saponariie, Rad. AUhwa, in Cortex 
Oranati Radicis, iajigg, dovus, and in a very largo number of 
other parts of plants belonging to our department {Fol. Eu- 
calypti, Figs. 127, 128), the oxalate crystals are most densely 
crowded together in the form of clusters (Fig. 02), each of which 
generally occupies a single cell. In these cases only the points of 
' Further details are given by Hnlzaer, " Krystalle in den PflanzBD- 
zellen," Flora. 1807, 4B9. Sachs. " Lehrbuch der Botaoik" (IV.), 60. 
Compare also Figs. 103 and 150, 
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tlie iudiiidiml crystals just project, but the true cryatallographi- 
cal shape of the latter has not jet been determined with certi- 
tude. The fact that is Cortex f'asiarilhe, in Cortex Frangulm, 
in the outer surface of Fuiigua Luncit, in the ahove-meutioncd 
Styrax bark, and in other cases they are accompanied by di«- 
tinctly recognizable monochiuc crystals of osalate, argnes posai- 
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The proof that the plant forraationa in question are really 
'^bftlctum oxalate is readily afforded. The crystals are not boIu- 
We iu acetfc or oxalic acids, but eohible, and without efferves- 
«nce, ill hydrochloric acid: this solution gives, upon the addition 
<Dt potassiam acetate, au abundant precipitate of indistinctly 
'•crystallized calcium oxalate. 

After short contact with concentrated Bulphuric acid, the 
oxalate crystals are converted into long, lance-shaped crystals of 
gypsum. 

The oxalate crystals are presumably formed in the plant by 
the gradual confluence of dilute solutions of oxalates with calcium 
salts. In many cases this occurs with the co-operation of or- 

Iganized structures. The rosettes often inclose an uncrystcllized 
nncleuB, and the needle-like tufts of oxalate are Used, for in- 

stance in Sarsaparilla and many other eases, in a mncilaginoua 
(plasmatic) integument; if the oxalate be dissolved in hydrochloric 
acid (spec. grav. 1.1), the integument remains behind, and may 
easily be made recognizable by staining, for example, by means 
of carmine or aniline-red. This covering of protoplasm may 
be detected also with greater distinctuessin Bnlbun ScilliB. If a 
fine section of this is moistened with alcohol, a contraction of 
the mueilaginous contents of the cell ensues, in the middle of 
vbich darker granules will appear, which are seen to be crystal- 
line in polarized light. Water dissolves the mucilage and leaves 
the crystals behind, whicli, without doubt, are to be regarded as 
the first rudiments of the oxalate prisms often so handsomely 
developed in the SguUl. The latter are surrounded by a sac, 
and frequently become enlarged to such a degree as to extend 
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through Beveml cells, after their transverse walls are destroyed' 
These crystals often attain nearly 1 mm. in length, so that they 
become yisible even to the unaided eye. The latter character 
applies also to the imperfectly developed, rhotnhohedron-like 
crystals in the wood-parenchyma of Lignum Sandiili rubrum, 
the asea which are scarcely less than ^ mm. 

According to Emmerling ' it would appear probable that 
crystals ot calcium oxalate are also formed in the plant through 
the action of free oxalic acid upon calcium nitrate. 

In the cases here referred to, calcium oxalate always occurs as 
one of the contents of the cell; it has been shown, however, by 
Count Solms-Laubach * that these crystals may also be deposited 
in the cell-wall itself, especially in the outer wall of epjdermia 
cells. 

In regard to the amount of oxalate, the microscopical estimata 
may lead to inaccurate Gtatements. Bulbus d'ciV/a is apparently 
rich therein, and nevertheless a direct estimation of the oxalio 
acid afforded but 3 per cent of oxalate; in a good rhubarb * one 
of us found 7.3 per cent. The greatest abundance of oxalate in 
the domain of pharmacognosy is presented perhaps by guaiac 
bark, nearly 20.7 per cent. Some lichens are likewise charac- 
terized by a large amount of oxalate; thus Lecanora esculenta 
Eversmanii, contains 22.8 per cent. 

The oxalate crystals are deposits which remain withdrawn, 
from the sphere of vital action (secretions); in the cells wbicb 
contain them, as a rule, no further developments take place. 

Other crystalline compounds of inorganic bases are of exceed- 
ingly rare occurrence in plant tissues. Calcium phosphate, 

' " Berichte der DeuCachen Cliemiscb. UesellHch.," 1873. p. 783. 

' Botanische Zeitiing, 28(1871), 4M. Plate VI.— Also in Sacha, "Lohiw 
buch dtr Botaiiik," 1874, 68. 

■ One ot the numerouH important observations of the eminent apothe- 
cary Scheele, who also discovered oialic acid, relates to the crystals of 
rhubarb, which, in 1763, hs recognized a» calcium oxalate. Anton van 
Leeuwenhoek (1716) had, indeed, previouHly seen the oxalate ot the 
tarsajxiriUa root and of orria root. — FlQclciger, " Pharmakognocie,*' 
2d edition, 220, 3|i5, 373. 
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CaHP0, + 2n,0, is found abundantly in a crystalline form' 
in the Indian Teak-wood {Tectona grandis L., Nat. Ord. Ver- 
benaceie). Calcium carbonate, which is contained in some 
plasmodinms, in the cell-membranea of many marine algce, and 
in cyatoliths (Ficua, Cannabis, Humulus'), does not show dis- 
tinctly crystalline forma,' or is manifestly amorphous. (Jrj^stals 
of gypsum appear not to be present in plants; since they are 
soluble in 400 parts of water, the conditions are probably want- 
ing for their formation and maintenance. 

Crystals of organic compounds, which are met with in the 
tissues of drugs, are, however, no rarity. Thus, asparagin, 
cubebin, hesperidhi, picrntoxin, theobromine, and piperine, 
which, however, may be presumed to first crystallize during 
the process of drying the respective drugs. Furthermore, crys- 
tallized fats, probably for the most part palmitin and stearin, 
which are found in many seeds, as, for instance, in the nutmeg, 
in Cocculus IndicuB, etc. Finally, vanillin in the parenchyma 
and upon the outer surface of the Vanilla {Fig. 83). The crys- 
tals which become visible in Cinchona barks, after warming their 
sections in canstic alkali, first appear as a result of this treat- 
ment. By very long preservation in glycerin of sections of tis- 
sues rich in tannin, crystals of gallic acid also occasionally 
appear, which were not originally present. After a very long 
preservation of the respective sections, one may also observe th& 
gradual crystallization of amygdaiin, filicic acid, and strychnine. 

Small granules are frequentiy found deposited in celts, which 
acquire with ferric chloride in aqueous, or often better in alco- 
holic solution, a blue or greenish coloration, so that we may con- 
sider them as tannin, or as tannin-liko formations. On the other 
hand, they also often become colored blue by iodine, as if they 

■ Kopp-WiD'B Jahreebericht der Cliemie, I860, p. 531, and ISTS, p. 037; 
"Beriohte der Deutscheu Chemiscb. Oesellschaft," 1877, p. 3,334.— Com- 
pare further Just's Bot. Jaliresbericlit, 1881. I., 403, Reference No. 7S. 

'FlQckiger, ■' Pharmakognosie," 1883, 710; Saoha, "Lehrbuch der 
Bot.," 1874, 70; Kny, "Botan. Wandtafeln." 

'Thus also the agKregaMS in Caaloreum. ; compare FlQckiger, 

Orundriss der Pharmutcogaosie," 1883, 237; further Just's Bot. Jahreo* 
WTicht, 1881, 1., 40S. 403. 
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inclosed starch or had originated therefrom, as indeed both 
appear in the same tissues simultaneously, or still more often 
alternately. Nevertheless, tannin does not exist to any consid- 
erable amount in seeds. The amount of tannin contained in 
certain organs, such as barks and fruits, is subject to considera- 
ble periodical fluctuations.* 

Tannin which is deposited in the purest form dissolves when 
subjected to examination under water. In order to bring it to 
view, the sections must therefore be observed under benzol, 
volatile or fatty oils, or other liquids which do not dissolve the 
tannic matter; even glycerin suffices, since it dissolves but little 
tannin when concentrated. Thus in galls, shapeless masses are 
found which almost completely fill the cells." The tannic mat- 
ter also very frequently penetrates the cell-membranes, so that 
the walls of entire tissues become colored after being moistened 
with a solution of iron, thus, for instance, the parenchyma of 
the Cinchona harks, the fibro-vascular bundles and the surround- 
ings of the oil-cells in cloves, etc. Thick, hard cell-walls, which 
do not become thoroughly moistened by an aqueous solution of 
iron, often assume, nevertheless, the blue or green coloration 
upon the simultaneous addition of alcohol. These reactions, 
however, are perhaps more often produced by derivatives, decom- 
position products of the tannins, or bodies otherwise related to 
them, such as ellagic acid or gallic acid, the presence of which 
in nature can, moreover, not yet be accepted with complete cer- 
tainty. Morin and morin-taunic acid, which react in the same 
manner with iron salts, have also not yet been met with in those 
parts of plants to wliich we here devote attention. Further- 
more, pyrocatechin, quercitrin, and rutin must not be omitted 
here, which likewise color solutions of ferric salts green. The 
first-mentioned substance can, indeed, be cited here only as a 
very subordinate constituent of kino, and quercitrin is contained 

• 

^ Compare Wiegand, ''S&tze Gber die physiologische Bedeutung des 
Oerbestoffes und der Pflanzenfarben." Botanische Zeitung, 1862, 121; 
and Kutscher, "Ueber die Verwendung der Gerbs&ure im Stoffwechsel 
4er Pflanze." Flora, 1883. 

« Berg's " Atlas," Plate 49, Fig. 136. 
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Florea Rosm galUcn, but the latter aubstaiiRe, aa well a3 
pyrocatecbin, ia undoubtedly widely distributed iu the vegeta- 
ble kingdom, and by more exact investigation will probably be 
found in many other drugs. 

Of very frequent occurrence also, and probably quite general 
in barks in a definite phase of life, is phloroglucin,' C.II,- 
(0H)„ belonging to the class of phenols. 

Resembling the tannic acid of galls, or tannin,' there are 
I «ome other tannic matters, not of the same composition, which 
[ produce in solutions of ferric salts a blue-black precipitate, thus, 
' the tannin of Folia Uvcb ursi, of oak-bark, of the bark qfpotne- 
' jranate-rool, etc. Many others, however, as the tannic acid of 
the Cinchona barks, of willow and elm barks, that of Radix 
\ Ratanhia Peruvianis, ot R/iizoma Filicis, Rhiz. Tormentillw. 
fee, and also Catechu, produce with solntions of ferric 
chloride or ferric salts a green precipitate, while the tannic 
p.icid of rhubarb gives a blackish-green. In two varieties 
■4)f Ratanhia {JCramerin), that from Para and that from 
I'SavantUa, the tannic acid forming a green coloration with 
I iron Baits is accompanied by a predominating amount of acid 
I producing a bine coloration. For the correct discrimination of 
liibese colorations, thin sections of the respective drugs must bo 
1 moistened with a little solution of ferric chloride of the dilu- 
I tion stated under "Microscopical Reagents," and the slides 
Fnpon which this reaction is carried out, laid upon a sheet of 
white paper. The experiment is also performed at the same 
time with the application of a solution of ferrous sulphate, 
which permits the colorations to appear gradually, in proportion 
to their oxidation, but ofteu with a greater degree of purity. 
A highly remarkable occurrence of a substance which affords a 
maguiScent blue color with ferric chloride as well as with fer- 
rous salts is presented by the large cells of the fleshy portion ot 
I ilie fruit of SiViqiia duleis. 

Between the tannic matters or tannic acids of the two classes 
' Compare tbe statements of Tschirch, in Pringali elm's Jahrb. t. wias, 
Bot.. 1885. and Poutsen'a " Botanioal Micro-chemiatry." 
' From the French word tanner, to tan, of unknown origin. 
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above indicated, sharp chemical distinctions exist, which are ren- 
dered evident, especially, upon dry distillation. When sabjected 
to this treatment, the tannic matters which produce a blue color 
with ferric salts afford pyrogallol (pyrogallic acid), while those 
producing a green color with ferric salts, on the contrary, afford 
pyrocatechin. If the tannic matters are melted with caostic- 
potassa, those giving a blue color with iron salts afford pyro- 
gallol, as in the former case; the other tannic matters, on the 
other hand, produce protocatechuic acid. 

The knowledge of the different members of the chemical 
family of tannic matters, in their details, is still very fragment- 
ary. A method is also still wanting which meets all demands 
for the quantitative estimation of tannic acids in all the numer- 
ous cases where they cannot be extracted with a tolerable degree 
of purity by ether-alcohol, as, for example, from nutgalls. Be- 
sides, if it be considered that the amount of tannic matter ia 
subject to the fluctuations of vegetation, it cannot be greatly 
wondered at that the analytical statements relating to it deviate 
widely from each other. Many such estimations have been 
made from a technical standpoint, as in the case of oak-barky 
80 that the literature on this subject is quite extensive.' The 
oak-bark appears to be capable of containing a maximum of 
twenty per cent of tannic matter, or more than any other part 
of a plant which concerns us here,' unless we take into consider- 
ation the galls (see the chapter at the end of this work: Patho- 
logical Formations). The latter, namely, are to be regarded 
ffimply as a morbid accumulation of tannic acid. The gallo- 

' It ma J suffice to mention here the following: ** Bericht fiber die Ver- 
iiandlaogen der Commission zur Festellung einer einheitlichen Methods 
dfiw O«rbstoffbestimmang, gefQhrt am 10. November 1883 za Berlin. 
Ie«Hlac€Ma and Einleitung fiber die bisherigen Verfahren der quant. Be- 
Himm vr^Z dcs Gerbstoffa von C. Counoler. Nebst Untersuchung fiber 
4m L^wimthal'ache Methode von J. V. Schroeder," large 8vo (IV., pp. 
W, rjum/tU Fischer, 1885. 

' Th« hArk of the Australian Eucaljfptus eorymbosa is stated to con- 
CAiA dr^mtj-seren per cent of tannic acid (Jahresbericht der Chemie^ 
l¥tfi. ¥fT), the Myrobaians forty-five per cent; Dividivi, the pods of 
r^^jtfdpUia ecfriaria Wilid., fifty-tive per cent. 
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-taanic acid, which is present in these malCormationB to the ex- 
tent of as much a.e seventy per cent, is remarkable as a specially 
distinct member of the family of tannic matters; at least the ex- 
ceptional cases in which it is supposed to have beeu elsewhere 
recognized (in the Myrobalans and in sumach) may still be re- 
garded with doubt. 

There may be distinguished phyfiiological and pathological 
tannic matter. The former is produced normally in the vital 
process of the plant (thus the tannins of barks,' such as that of 
the oak, quebracho, and the willow). The pathological, on the 
contrary, is first produced in con sequence of an esteinal influence- 
{the puncture of an insect, etc.), that is, in the course of a mor- 
bid process (galls). Both forms are also chemically and physi- 
cally different. Skins are only tanned by the physiological tan- 
nin (as in the formation of leather). 

The contents of the cells which have ao far been treated of, if 

[■ we except inulin, may be regarded as the organized contents. 

I Besides these, however, there appear a number of unorganized 

' bodies in the cells of plants, which are dissolved in the cell-sap, 

or deposited in the membranes, and which are not amenable to 

direct microscopical observation. 

In the cell-sap there are dissolved, for example, a portion of 
the inorganic sails, dextrin, sugar, plant acids — the cell-sap al- 
ways has an acid reaction — siud tannic matters, m&oy glucostdes' 
and bit/ nr principles (Aloe, Fig. 63), coloring matters, amides, 
etc. : in the membranes are deposited many alkaloids {quinine f). 

The chief solvent of most of these substances, witer, evapo- 
rates to a large extent upon drying the drugs.' How considerable 
its amount may often be is shown in a striking manner by many 

' Compare in this connection, F. -von Hoelinel, " Die Qerberinden, ein 
monograph ischer Beitrag zur technischen Bolistofilehre." Bprlin, 0[<- 
penheim. ISSO. 

' nvxvj sweat, and eiSiii likeness. 

* To this fact, aa it appears, is referred the expresBioa drug, Oerman 
droge; the u, which ia still frequeally inserted in the tatter word 
(drogue), is derived from the Bonianic lan^ages, which have appro- 
priated the word. FlQckiger, '■ Qeachichte dea Wortes Droge," in Archiv 
derPhaTm.,218(188I). 81. 
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roots. The younger roots of Belladonna lose as much as eighty- 
five per cent of water; Radix Taraxaci, seventy-seven per cent, 
and juicy fruits still more. All parts of plants, however, retain 
water which we are wont to designate as hygroscopic water, but 
which by no means exists in the cells in a liquid form. The 
amount of this varies very considerably according to the nature 
of the tissues, and presumably also according to their con- 
tents. 

The squill, which is rich in sugar and mucilage, retains four- 
teen per cent of hygroscopic water, Radix OentiancB sixteen to 
eighteen per cent, and saffron about twelve per cent. If these 
substances are completely deprived of water in a drying-closet, 
or in the cold over sulphuric acid, and are again exposed to the 
ordinary conditions of preservation, they quickly absorb again 
about the same amount of water. Drugs which do not have a cel- 
lular structure likewise contain definite amounts of water; per- 
fectly air-dry starch, gum arabic, and tragacaiithy for example, 
thirteen to seventeen per cent. Seeds, on the contrary, and es- 
pecially those provided with a hard testa, are capable of retaining 
but a few per cent of water. 

After the evaporation of the water, dissolved substances are 
deposited in a solid form, as has already been mentioned when 
speaking of inulin. Only a limited number of substances in- 
soluble in water are capable of preserving in the dry tissue so 
liquid a form as to flow in drops. Such are the volatile oils, the 
boiling point of which lies from 70 to 150 degrees or more 
above that of water, in consequence of which they evaporate only 
to a slight extent with the water at ordinary or only slightly 
elevated temperatures, and are still further retarded in this re- 
spect when they contain resins in solution. 

It is remarkable that the milky juice of Jalap also still pos- 
sesses, in the dried drug, a liquid form, and indeed the resin pre- 
pared therefrom is capable of retaining water very obstinately. 

Besides the loss of water, and probably also of a portion of the 
volatile oil, many plants experience, upon drying, chemical 
changes, regarding which we are indebted to Schoonbroodt * for 
* Wiggere-Huseraann's Jahresbericht, 1869, 9. 



AIK — SUGAR. 141 

[ Bome valuable informatiou, ami which deserve to he further 
I rtudied. Drjiug changes the properties of many drugs. With 
;, peculiar Bubstances first appear during the process of dry- 
l iog, while others lose certain principles or acquire a different 
I odor (compare aira page 15). 

The amount of residue which remaius upon drying vegetable 
r objects at from 100 to 110" C, until of conBtant weight, is 
termed the dry weight. Drugs dried at ordinary temperatures 
(about 15° C.) are called air-dned. 

While most parenchymatous cells during life contain, besides 
I protoplasm and cell sap, only little or no air (bast-cells, vessels 
|«Dd intercellular spaces contain it abundantly), the cells of dry 
LdrugB are generally more or less filled with air, since upon dry- 
I ing this takes the place of water. It is evident from the nature 
I of the case that a complete replenishment of the cells with air 
I is not perceptible by direct observation. In cells which are 
f still succulent and vitally active, on the contrary, and in such 
rwhioh are impregnated with liquids for the purpose of examina- 
Ftiou, as is necessary in making microscopical preparations, the. 
air babbles escape as dark rings from the liquid, in consequence 
of the total reflection of the rays of light. With these the be- 
ginner in microscopical observation soon becomes sufficiently 
ac<)uainted, so as not to mistake them for something else. 
Tissues filled with air (cork, wood) float upon water, notwith- 
etandJDg the fact that the specific gravity of cellulose and of 
cork is greater than that of water. Tissues free from air (for 
instance, the heart -wood of Guaiac). or such from which the air 
is removed, sink in water, as is also the case with thin lamina? 
of cork, or with Lycopodium, as soon as the air has been ex- 
I pelled therefrom hy boiling. 

Of the dissolved substances contained in the cells the follow- 
ing may yet be considered: 

Hogar is a very widely distributed .constituent of drugs. 
Cane-sugar, and the other varieties of sugar, are so abundantly 
soluble in water, and probably also in most cell-juicea, that 
even after drying they appear but rarelyin a crystallized form 
or otherwise as a solid constituent of the cells. The more spar- 
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ingly soluble milk-sugar, which does not, however, require more 
than seven parts of water for solution at the ordinary tempera- 
ture, has as yet been found but once (1871) in the vegetable 
kingdom, in the fruit of the tropical Achras Sapota L. 

Orape-sugar (Dextrose)/ deviating to the right, is of most 
frequent occurrence in the vegetable kingdom; it occurs, for 
Instance, in grapes^ Jigs, pears, cherries, in liquorice-root and in 
tamarinds. 

Fruit-sugar (Mucilage-sugar, Laevulose "), deviating to the 
left, is contained in honey, and often mixed with grape-sugar. 

Cane-sugar (Beet-root sugar. Saccharose), deviating to the 
right, is contained in the sugar-cane, sorghum, the sugar-beets, 
in carrots, and in the sap of the sugar-maple. By inversion * it 
passes into a mixture of one molecule of grape-sugar (dextrose) 
and one molecule of fruit-sugar (laevulose), the so-called invert- 
43ugar*; the latter is found in fruits and in honey. 

Mycose* (Fungus-sugar) is found in fungi, for instance, in 
-ergot, 

Melitose* is found in the Manna obtained from the leaves of 
species of Eucalyptus {Australian Manna). 

Orape sugar is detected in the cells micro-chemically by 
Trommer's reaction.' The sections are placed successively in a 
<ioncentrated solution of sulphate of copper in water (they 
should be well washed, but not too long), and in dilute caustic 
potassa, and boiled in the latter. If sugar be present, there is 
formed in the cells a red, granular precipitate of cuprous oxide, 
•Cu,0. (The execution of this reaction requires experience.) 

As a result of incisions, there are formed in the Manna-ash 

* Dexter^ right. 
' Lceuus, left. 

' By boiling with dilute acids. 

^ Invertere, to invert, for the reason that invert-sugar deviates to the 
left, that is, in an opposite direction to cane-sugar. 

* Mvxo^ fungus. 

* M^Xi honey. 

^ Sachs, " Microchem. Beactionsmethoden." Wiener Academie. 
Sitzungsberichte, 1869. 
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fystalliue esudations {Manna), whioh contain as much as 
flighty per cent of a aweet principle, mannite C,H^(OH),. 

The glucoeide hesperidiii' is contained in unripe fruita of 
the Au ran tiete, dissolved in the cell-eap, especially in the various 

■species ot Citrus {very abundantly in Fructus Aurantii Unma- 
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By immersing the fruita in alcohol, there are produced in 
le cells sphfero-cry stale, similar to thoac of inulin (Fig. bi), 

Pfeffer, Botan, Zeit., 1874, p. 481. Tiemann and Will, " Ber. d. 
DeutEch. Chem. (Jes.," 1881, 940, Virgil named the Seville nratiges the 
apples of Hespertdes, the daughters of night in Grecian mytholc^j. 
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L are soluble in slightly alkaline water and in alcohol. 
jOrystals of this character have also been detected by Adolph 
Hoyer ' in the leaves of Conium maculatum. 

The peculiar bitter aabstancea of Aloe leaves, aloes, are con- 
tained in special cells, which are located directly in front of the 
vascular bundles {Fig. 63 a), and are confined toward the exterior 
by a nucleus sheath in a single row and with bitter contents. The 
before- mentioned cells are short, and occasionally their contents 
are cryBtalliue. The entire remaining tissue of Aloe leaves con- 
tains an abundance of mucilage, but no bitter substances. 

The kino, from species of P/erocarpua, also occurs as a con- 
tituent of longitudinally estended cells.' 
When a part of a plant is incinerated, there remains in the cm- 
tfiible a white residue — the ash. Since by careful ignition, in 
■very many cases, the general outlines of the consumed portion 
\at the plant remain preserved (leaves of the Graminese, hemp 
■leaves, the shells of dintoms), it follows that the inorganic con- 
■■tituents of the membrane which resist the action of heat (at Icaet 
tin part) are so finely deposited that the molecule of the mem- 
^brane can be removed therefrom by incineration, while the direct 
Koonnection of the inorganic particles is not destroyed thereby. 
Not only in the membrane, however, do we meet with deposits 
ftof mineral constituents, but the contents of the cells are also 
lllbnndantly provided therewith. It has already been shown that 
■ protoplasm coutains an abundance of salts, that crystals of 
1 inorganic bases occur in the cell-sap, and also that the globoids 
(p. 98) consist of inorganic double salts. The cell-sap, more- 
over, also contains not inconsiderable amounts of such mineral 
constituents of plants as are soluble in water, and these are in 
k&ct the most important, namely, nitrates, phosphates, and 
Kialts of potassium and calcium. 

l' Accordingly, the ash of plants contains all those substances 
Tbich are known to be the necessary nutritive materials, name- 
Ij: potassium, magnesium, calcium, iron,' phosphoric, sul- 
' Compare also FlQckiger, " Phormakognoeie," 1B83, p. 003. 
• See the subsequent chapter on Receptacles tor Secretions. 
■A deficiency of iron is shown in leaves by their becoming yellow- 
(oblorosU). 
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phiiric and nitric acids, and chlorine. There also oecnr in it 
silicium, sodium, manganese, aluminium, iodine, bromiae, 
flnorine, lithium, and other elements.' 

Plants rich in ailicitim (grasses, diatomete) — they contain it 
always in the membrane — leave upon incineration a so-called 
nhflelon of silica.'' The Halophytes (salt-plants) especially con- 
tain sodium. MangauDse is less extended, but is nevertheless 
fonnd regularly, even though in small amount, for instance, in 
dmga from the family of Z ingi be races. ' It suffices to reduce 
to ash a single seed of the cardamorn, or a still smaller fragment 
of the fruit- capsule, by heating on the looped end of a plati- 
num wire in the oxidation flame of an ordinary alcohol lamp, and, 
if necessary, fusing with a little sodium carbonate and a trace 
of saltpeter, in order to obtain a bead which is colored green by 
the manganate of the alkali, and which when moistened with 
noetic acid aSords the red permanganate. The same deport- 
ment is shown by the root-stocks of this family. The ash of 
ordinary cork (from Quercux suber) and that of other species of 
rori ia also green from the same cause, 

Aluminium is of rare occurrence, but is found in not inooQ- 
siderable amounts in the leaves and stems of species of Lyca- 
podium. 

Iodine and bromine occur in the vegetable (and animal) 

'To interpret the composition of tiie bbIi is far more tlifflcult. Weare 
not jet capable of eiplaioing the great dilTarenceH found therein accord- 
tog to some general law. A very extensive compilation of figures re- 
lating to this subjpct maj be found in WollTs " ABchenanalyaen von 
landwirtbschaftUch wichtigen Produkten, Fahrikab fallen und wild 
wachsenden Pflansen," Berlin, 1871. 

' Such skeJetons may be prepared bj warming small pieces of coarse, 
firm leaves witli concentrated sulphuric or nitric acid and potassium 
chlorate, expelling the acid, and heating the residue upon platinum-foil 
{preferably in a current of oxygen] or upon a very thin cover-glass until 
it becomes white. Tissues which liave not previously been treated in 
this manner often fuse together in consequence of the amount of alkali 
contained therein. 

'Fiackiger.Pharm. Journ., in. (London, 1872), 208. Ibid., 1886. p. 
fl21; also Amer. Journ. Pharm, 1886, p. 147. 
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inhabitants of the sea; fiunrine in the testa of the seed of varie- 
tiea of grain, and lithium in tobacco. 

Aa silicium has in recent times been introduced into organic 
compounds in the place of carbon, the supposition is not entirely 
un]ustifiablo that the eilieium contained in the cell-wall mujr be 
present in the form of an organic compound.' 

As is already naturally evident from mechanical princi{Jes, 
an increased thickening and solidity of the cell-walls corresponds 
by DO means to a greater amount of incombustible eubstanceB.' 
The delicate tissue, containing air, of peeled colocynth, dried st 
100° C, afforded ]1 per cent of ash, the seed only 2.7 percent. 
Quassia wood from Surinam yields 3.0 per cent, the bark 17.S 
per cent of ash; guaiac wood, which ia so exceptionally dense, 
and which consists almost exclusively of strong wood-cells, gives, 
nevertheless, scarcely 1 per cent of aah. I^eaves very frequently 
contain more than 10 per cent of inorganic constituenta, lor 
instance. Folia Stramonii as much aa 17, and tobiteeo Uavta 
occaaionally 27 per cent of the substance dried at 100" C. 

The developing or merismatic, and the assimilating tiesnes 
(cambium, mesophyll of Icavea) and organs (leaves' and barke) 
are richer in aah than the completely developed and non-a^mi- 
lating (wood). The mineral aubstitnceB migrate from the fln- 
bhod tissues to the places where development is going on. It 
is also seen from this that they must play an important part in 
the formutive processes of plants.* 

To obtain the ash in a condition suitable for weighing is often 
Bomewhat difficult, from the fact that many parts of plants, 
and especially secreted substances, as gum, resin and sugar, 
undergo complete combustion only very gradually. The incin- 
eration of such substanoes, especially of those rich in nitrc^n, 

< " Berichte A. Deutsch. Chem. GeB.." 1873, SSS. 

* That the strength of flexure, for inxtaiice, of the grasses, ia entirelj 
jadependent of the silica contained tbereiu, is shown b; water-cultares 
in solutions free from silicium, 

* About Ibe time of the falliug of the foliage the leaves become oon- 
tinuallf poorer in mineral Bubeiances. 

* This is also evident from the experiments with solutiooa of nutritive 
eu balances. 
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may be very much accelerated when tiie objects to be examined 
are heated on a channeled piece of platinum-foil in a combustion 
tube in oxygen gas. The same purpose may be attained in a, 
more Bimple manner, though alao more slowly, when the sub- 
stftnce which has been carbonized in a platinum capsule is moist- 
ened with water, again carefully allowed to dry without decant- 
ing the water, and again heated. The water conveys the soluble 
salts to the unoccupied places of the capsule, and the auhsequent 
admission of air facilitates combustion. If this procedure i» 
repeated several times, a residue free from carbon will in most 
cases be obtained. Too high a temperature has a retarding 
effect when aalta, such as phosphates of the alkali metals, are 
present, which fuse together and envelop the carbon; many 
substances are inciuerated more completely by a very moderate 
degree of heat than at a higher temperature. Very hard shells 
of seeds offer obstinate resistance to the above procedure of 
moistening, which may be overcome by triturating the carbonized 
substance in tlie capsule, or in the crucible itself, with the aid 
of a very smooth agate |>eBtle, being careful to avoid loss, and 
afterwards treating with water. By the strong ignition, which 
ordinarily is necessary towards the end, carbonic acid is ei- 
pelled, which must be replaced before the ultimate weighing of 
the ash, in order to obtain figures which will admit of compari- 
son. This purpose is accomplished by moistening the ash with 
a little concentrated solution of ammonium carbonate and 
again drying. It scarcely requires to be mentioned that for 
reduction to ash the substance employed should previously be 
dried at 100° C. 

The addition of ammonium nitrate or ammonium sulphate 
also facilitates combustion, especially with substances rich ia 
albumen. 

The estimation of the residue left upon comliustion is of the 
greatest practical value, especially for the examination of vege- 
table powders. For, since every portion of a plant, and thus also 
every drug, furnishes an amount of ash which fluctuates within 
definite and often quite narrow limits,' the weight of the same 

' Thus, by way of example, iycapodivm affords 4, pure kamala about 
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may therefore aflford information whether an adulteration with 
other vegetable or even inorganic powders has taken place. 

The estimation of ash must, of course, always be preceded by a 
microscopical analysis of the substance itself. 

II. The Cell-wall 

The integument of the cell is called the cell-membrane or cell- 
wall. 

The cell-wall of young cells is a thin membrane which con- 
sists of cellulose, and only at a later period becomes variously 
changed, either chemically through the deposition of other sub- 
stances, or morphologically through the insertion of molecules 
of the same kind. Even the membrane of young cells, however, 
is not perfectly pure cellulose, since it owes its first formation to 
the protoplasm, remains for a long time in contact with the 
nitrogenous substances of the latt^r, and is penetrated by them. 
Only cellulose which has been purified by means of chemical 
solvents corresponds to the formula C„H„0„. 

In living cells, the wall is in most intimate contact with the 
protoplasm-sac. To this contact is to be referred the growth 

of the cell. 

The growth of the cell takes place in a twofold manner, on 
the one hand by a change of form, and on the other by a trans- 
formation of the chemical nature of the cellulose, which, in the 
course of development of the cells, is capable of assuming a series 
of new chemical and physical properties. 

The change in form of the cell concerns either chiefly its out- 
line, and in this case may be considered surface-growth, or the 
dovoloi)mont of the cell is specially expressed by a thickening of 
the wall, so that the growth in thickness determines the appear- 
ance of the coll. Although both directions of growth are not 
Hhar[)ly to be separated, and are essentially based upon the 
Httmo i)roce8ses, they nevertheless deviate widely from each other 
in their results. 

2, lupuHn about 8, starch less than 1, cacao about 4, mustard seed and 
fluxeeed from 4 to 4.5, and pepper about 5 per cent of ash. 
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If throngh a perfectly uniform deposition of new particles of 
cellulose the mass of the cell-wall becomea equally enriched all 
around, but not actually thickened, it is compelled to assume a 
spherical form, and the cells become iaodiametric,' as in many 
young tissues. Their mathematical regularity, however, is 
altered, as soon as the reception of constructive material takes 
place more energetically in certain places. The outline of the 
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cells is also very essentially controlled by the fact that they 
mutually oppose their free expansion. In such cases the form 
of a sphere becomes flattened to that of a dodecahedron, which 
is the most uniform of those forms of cells of so frequent 
occurrence which we designate as spherically- polyhedral, siuco 
l6oi equal, and Siu/ii/iep diameter. 
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from their variety and slight regularity they preclnde a more 
precise deGnition (FigB. 29, 30, 31, 56, 63, 65, 76). 

When the deposition of new cell material does not take place 
chiefly in a direction tangential to the cell-wall, hut in each a 
matiner that the latter grows in thickness, this growth can take 
place more largely either toward the exterior or toward the 
interior. In the first case, prominences of Tarioua kinds are 
formed (spores and pollen cells, the outer wall of epidermis 
cells), in the latter, the cavity of the cell becomes contracted, 
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often almost entirely filled up (some bast cells and stone-cells). 
A perfectly uniform thickening, however, never takes place, bnt 
the celi-membrane retains in some places its slight thickness. 
The appearance of the cells which are subjected to a considera- 
ble extent to the growth in thickness is chiefly determined by 
the relative extent of the thickened places and those which have 
remained thin. If the thickened places are in about the same 
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■oportion as those which have remained thin, the membrane 
presents, upon a transverse aectioii, a necklace shaped (monili- 
form) appearance. Such cells are, for iustaiice, highly charac- 
teristic of the coffee-bean.' Where the thickened places do not 
attain great extension, and appear especially npon the inner 
surface, they often assume the form of rings or spiral bands. 
Thus originate tlie spirals in many fibro-va^cular bundles, as, 
for instance, in the squill (Fig. Cfi), as also the net-like and 
sealariform thickenings (Fig. (J8) of the vessels and parenchyma 

bIIs (Figs, or, 83, and 182). . 




with nel-HbnpHl thtclienlD^ (IHppel). Compare i 



» Fig. 181. 



When thickening of the ccU-wull extends over the largest part 
of the inner surface, and exempts but a few expanded dot-shaped 
places, pores are produced (Fig, GO). With a considerable thick- 
ening of the cell-wall such places appear as dots, or by a still 
greater increase in the thickness of the wall as pore-canals 
(as in the stono celts, Fig. 70). Frequently a spiral-shaped 
arrangement of the dots may be observed (Fig. 71), and the 
course of the pore-canals also often approaches that of a 
spiral line. Many true bast-cells have cleft-shaped dots 

' Berg'B '■ AIIbb," Plate 49, Fig. 181. 
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»rriing(!d in a spiral inelining to the left (c mpa subsequeat 

refereucee under Mechanical Syaten of T ue) A .special 
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form of thickening ie represented by the bordered pits or 
areolated dots (Fig. 72). When the cell-wall becomes thickened 




toward the interior around a pluoe which remains thin, ft osaal ' 
will remain open, which in form must approach that of a very 
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obtuse cone, in so far as the walls of thecanulare Dot Boperposed 
perpendicularly to the wall of the cell. ]f in this manner the 
canal becomes narrower toward the interior, it finally corre- 
. sponds in form to u somewhat dilated funnel. The upper edge 
corresponds to the place iu the wall which has remained nn- 
thickened, and within this circle or border the aperture of the 
funnel toward the cell-cavity appears as a pit, 

Similar areolated pita are wont to appear simultaneously at 
such places where two cells come in contact by the surface of 
their walls ; the interyening wall, which, nioreoTer, does not 
always lie in the median line of the pit, but is often, as in 




Fig. 64, rf, e,f, pressed agaiust one of the apertures (wood-cella 
of the Coniferffi), diaappears by age, so that the space occupied 
by the pit CBtablishea a direct connection between the two cells 
(Fig. 72, A, C). These hollow spaces, which sometimes resem- 
ble two funnels, one inverted over the other, and which are 
sometimes arched in a more lens-shaped manner (FJg. 'i'2), are 
easily recognizable where they occur more isolated. If, however, 
they are formed in larger numberclosely beside each other, and if, 
through increasing thickening, they become gradually contracted 
in a cleft-like form, more complicated relations are produced. 
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which are clearly disclosed only Id thin and carefully prepared 
sections {Semen Colchici). 

In those cases also where thin places of the cell-membrane 
remain preserved only in extremely slight amount and extent, 
the growth in thickness does not take place through the simple 
deposition of new encircling scales or layers of cellulose. The 




Flo. Tl. Fia. 1%, 

Tm. 71.— SpEnll; UTMiged pits. 

Fin. 7S.— AreoUted data t>t tbe tntcbelds o( llrwood. S, tniUTeree aectlon throujA 
the trscbelda or wood-celk, tbe pita shaded ; B ud C. achemaXlc longitudlDml ■sctiona; 
tbe ai^ierical lloei denoUiv Che drauuIereiHe ol tbe pit aud tbe border ; D, two «!)>- 
cmt pita cut kb tbe direction ot leofrtb, with the ptutlUon-irBll rtill retained IBacha). 

nlratification, wliich is often highly remarkable, depends upon 
variations in the amount of contained water and in the condi- 
tions of tension of the individual layers ; those containing less 
water and which are denser, stand out distinctly in consequence 
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^heir greater capability of refracting tliD light. Chomical 
<liatii](;tiouB (various degrees of lignification) aleo pluy a part in 
this. The function of the contained water may be proved by 
complete desiccation or by more complete swelling, both of 
which equalize the differences, and often either break up the 
stratification or obliterate it to a largo extent. The bast fibres 
of the Ciftchona barks poBseaB almost entirely thickened walls, 
with distinct Etratification (Fig, 73). When they are softened 
hy means of energetic reagents, such as caustic soda, conoen 





Fio. J8.— Baet-flhres froi 

trated sulphuric acid, or ammoniacal oxide of copper, and the 
tension of the particles of cellulose becomes equalized, it ia dis- 
tinctly seen that the thickening is not due to a simple concen- 
tric succession of layers, but to far more complicated procesaeB.' 
In the Cinchona fibres, particularly, there is brought to view in 

' A more precise elucidation of these remarkable conditiona is given 
byN&geli, " Bhu der vegetabiliachea Zell mem bran." SUzungaberichte 
-der HQarhener Akadenoie, June, 1864, page 145. Also Sachs, "Lehr- 
bnch der Botanik," 18T3, p. 80 et aeg. Wiggersaud Uuaemann, Jahres- 
bericbt, leee, 80. 
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the manner indicated a serew-shaped disposition of the thic 
ening (Fig. 74). Hofmeister' fouud bv ntacenitiou of these 
fibres- in nitric acid and potassium chlorate, and subsequent 
pressing, a more scale-shaped arrangemcDt of the layers. 

Cells, which have walls of considerable thickness whon com- 
pared with the diameter of the lumen (cell-cavity), that is such 
Id which the latter is contracted to a very small cleft, are desig- 
nated as boat cfib when they are extended in length (Figs. 110 
and 111), or as itong-celU (Figs. 75 and 76') when they are hut 






om Ctnduma Ixirkt, boiled wllh hj-dnichloric add.: P, t 
il oxidp of copper htivr U^atmenl wiUi bydrovhloric^u:! 
siae of Uw crll ; (, Uw HuoUen tayeni. 



•hi^rl. Thw lattvr, [wrtioularly, show a very distinct stratifica- 
tion of the niouibmuo. 

> '■ V«fhaudl. it. SAi-hs. U«seltich. d. WiBseaach.," X.. 18S8. p. 33. 

• Th»y ma? al*» ^ >.'«ll#<' aeimida (derived from ^nXr/pdi bard) in op- 
■wmIIIiui Io th» iinip^T niPChftnicKl cells, the atereidt (trom Hreptin ma«- 
ilwt l\aHli*r* TVihin-li, " Beitrftgo «ur Kenntnts dea mechaoischea 
Owwrwl**?*""**-" Priiiip>heim'B JaUrb., 1885, and "Ber. d. deutach. 



STONE-CELLS. 157 

"The thickening ]ftyera build themBelvea up, over the places 
which remflin thin, in such % manner that the small canala run- 
ning toward the centre or the axis o! the cell often present a 
sort of stur-slmpt'd arrange meat (Fig. 76). 




Fia. T5.— V«ri< 



The stone-cells or sclereids (see also subsequent references 
nndor the section : Mechanical System of Tissue) are widely 
-dietribnted in manj barke, the testa of seeds, seed-vessels, etc. 
A series of remarkable and manifold forms of them is readily 





Flo. 78.— SlonemeUs, whose c&vitleo, (, tfaougb nullatelj arranged pore-cBDuIs. p, are 
brODghC Into connection with Che outer ntrtaoe, or eren with adjacent celiii, I, 1, a, 8, 
tbicheiiiiiK layen (Dlppcl), 

afforded, for example, by the star-anise. The fruit-stalk con- 
tains branched stone-cblls,' the wall of the capsule such as are 
nearly cubical. 

'Vogl, "Nahrungs-und Genusamittel," Vienna, 1873, 111. 
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The thickening of the oell-wall may also, under certaio con- 
ditions, confiae itself to the corners, thus forming the so-called 
coHtnc-hyma,' which is met with in the barka and seeds of very 
mauy plants. 

The relative thickening of individual cells and forms of cells 
is, moreover, very manifold. While the parenchyma remains 
mostly thin-walled until the close of life, the wood- and hast- 
cells become provided with strong walls at a very early period. 

Baat-tubea and stone-cells when observed in thin sections 
nnder glycerin in polarized light, are seen to be doubly refrac- 
tive {Fig. 77). A transverse section through cinchona fibres 
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■bowfl four dark arms of a cross upon a brightly shining ground 
(Fig. 77. I.). 

In the preceding pages, those morphological changes of the cell- 
w»ll have been considered which take place in the process of 
▼•get&tion. It still remains for us to subject the chemico-phy- 
■ical changes to closer consideration.* 

' [J#ri*ed from KoXXa, glue, since it was forraerl;. hut incorrecU]', 
h«Ji4rT«d ItiHt tlie colIoDcbyma cells could become mucila^nous. 

* Wtth r«!g»rd to the chemiBtry of the cell-mennbrane, compare partio- 
vXuif tfc« more recent reoearches of Cross ttod Bevan, " The Chemiatr7 
" In tlie Chem, News, ISSi; Webster, '• On the analysiA of 
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■11-wall is subject to chemical and physical changea, 
either through the deposition of woody matter, lignhi' or cork- 
fat {guberin)' as also through a retrograde metamorphoBis of the 
cellulose into gum and mucilage. 

All young eel I -membranes, and moat of the walls of cells, with 
which we shall become acquainted under the designation of 
parenchyma, as alco many appendages of seeds which are de- 
veloped as ha.\rB (Cotton, Asclepias, Eriodendron, Salix), consist 
of purecellulofte. The phloem, leptom (sieve-tubes and cambi- 
form tissue), always remains unllgnified. Membranes consisting 
of cellulose show, even by superficial microscopical observation, 
an entirely diCEerent capacity for the refraction of light from 
lignified and snberified membranes; they appear clearer, more 
strongly refractive, and jelly-like (collenchyma, the cell-mem- 
branes of Mncis). Cellulose membranes are digestible. 

As already intimated on page 123, there are some exceptional 
cell-walls which, in contact with iodine-water, arc colored in a 
similar manner to amylum. By the treatment of pure cellulose 
with mineral acids, this faculty may quite generally be imparted 
to it. The respective sections or objects (for instance, cotton) 
are moistened for an instant with sulphuric acid of the specific 
gravity 1.84, washed without delay with much water, and then 
powdered iodine strewn upon the moist preparation, or it is 
impregnated with iodine-water (see Micro-chemical Heagents). 
The reaction succeeds with still greater certainty with phos- 
phoric acid, which is first concentrated as much as possible on a 
water-bath. When hydriodic acid has been formed in an iodine 
solution which hae been long preserved (see Micro-chemical 
ReageutE), such a solution can effect the blue coloration of cellu- 
lose without the co-operation of other acids. The reaction admits 
of demonstration, without further preparation, with moistened 
parch me ut -paper, which is sprinkled over with finely -powdered 

certain vegetable fibres," ifiuf,,1883; Scliuppe, '■ Beitrfige zur Cheraia 
des Hnlsgewebee." Inaugural DisHertation, Dorpat, 1882, in wbich the 
older literature is alao to be found. 
*lAgnum, wood. 
vBvber, cork. 
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iodine. A solution of chloride of 
lose inQtnbmneH violet. 

The cellulose of fungi, and suberified and lignified membranes 
are not colored by the above -do scribed treatment; in the caae of 
the latter two, howeyer, this may he brought about if they are 
previously boiled with nitric acid (specific gravity 1.185) with 
the occasional addition of a few crystals of potassium chlorate 
("Schultze's maceration"). The cellulose of fungi, howerer, 
even after this treatment, is not colored by iodine. 

Concentrated sulphuric acid alone (specific gravity 1.84) 
dissolves cellulose with complete chemical change. This is not 
the case when cellulose is dissolved in ammoniacal oxide of cop- 
per (see Micro-chemical Reagents), In contradistinction to the 
Hgnified membrane, pure cellulose possesses an exceedingly 
slight inclination to take up aniline colors (page 161). 

Pure cellulose may be prepared by the successive treatment of 
tissues consisting of this substance {cotton, the pith of the elder 
and of ylra^i'a papyrifera) by means of caustic potassa, acids, 
water, alcohol, and ether, or by the precipitation of its solution 
in ammoniacal oxide of copper by means of water. 

One of the most widely distributed modifications of cellulose 
is formed through the deposition of lignin (xylogen"). A 
membrane thus altered is termed lignified.' 

Lignification appears at very early stages in the so-called wood- 
cells. The wood-cells which, in dicotyledons, arc separated 
toward the interior by the growth in thickness, already possess 
lignified membranes long before they become thick. The bast- 
cells and many stone-cells (sclereids) are also often lignified. A 

' ^vXoy wood, and ytvydia produce. 

'Compare in this connection Stackmann, "Studien flberdie Zoaam- 
menaetxunf; dea Holzea," Inaugural Dissertation, Dorpat, 1878, and the 
previously raentioned dissertatiou of Schuppe, — M. Nigul, " Ueber dio 
Verholzuag der Pflaneenmenbranen " (an historical Burvey). Jahree- 
berichtder Pollichia, Kaiierelautem, 1881. — Ebermaier, " Physiotogiache 
Chemie der Pflanzen," 1882. In thia work (p. 17S) will also be found 
Btstementa relating to the amouut of lignin contained in Bome woods. 
Tb us (according to Schulse) oaft-u'ocid contains 54.12 per 
ioood 41 .09 per cent of lignin. 
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regalar lignificntion of the membrane is al30 found in the walls 
of veaaels. Lignified membranes retract the light to a leaa 
extent than those conaisting of pnre cellulose, and mostly 
appear light-yellow under the microscope; they are hard and 
elutic, and but little capable of swelling. 

LigniBod membranes are characterized micro-chemically by 
the fact Ihat with a sotutioTi of iodine in chloride of zino they 
become yellow (not violet). In aminoniacal oxide of copper and 
Schultze's macerating liquid (page 160) they do not diaeolre. 
With aniline sulphate and dilute sulphuric acid they become 
Btraw-yellow, and with phloroglucin and hydrpchlorio acid 
cherry-red; tho aniline colors are greedily taken up by them. 
By boiling with Schnltze's mixture or with alkalies, the lignin is 
removed, and the membranes thus treated then show the cellu- 
lose reaction, Morphological alteration, however, by no means 
goes band in hand with a change of physical and chemical 
character. While, for example, the wood-cells, even in quite a 
yonng oonditiou when their walls are but very little tfaiokened, 
are strongly lignified, and the very thin-walled cork-cells are 
always euberified, the strongly thickened collenchyma. and many 
bast^cells which are thickened so as to cause the lumen or cavity 
to disappear, remain unligniGed. 

The third modification of cellulose is cork. 

This is formed by the deposition between the cellulose mole- 
cules of Kuberin, which latter consists for the most part of tho 
glycerin (propenylic) esters of stearic acid and of phellonic' 
acid, C„H„0,.' Suberin appears to he identical vi\i\\ catin.' 

The epidermia-cells of the more delicate organs of all land 
plants art' covered by a delicate film termed the cuHnle. The 
older organs, especially those of the stem, on the contrary, 
develop on their outer surface a layer consisting of tabular cork- 

' ^I'XXoy cork, 

' Definitely eBtublished by KUgler at least for the aork of Quereut 
Svber (" Bi^r. d. deutsch. botan, 0«s.." I., p. xxx., and Inaugural Disaer- 
totion, Strasaburg, 1884). 

* Beside suberin, there ia also found in oork a wax-like body, cerin. 
The cuticle appears to contain mora of the latter than the cork. 
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cells. The cuticle and cork are both produced through snberi- 
fication (the respective deposition of suberin or cutin in the 
wall of cellulose). 

The cuticle may occasionally become very thick (the leaves of 
Eucalyptus, Agave, Aloe) and in the same manner many layers 
often develop cork (the Oak '). Since both the cuticle and the 
cork are but slightly penetrable by aqueous vapor, they serve as 
a protection for the organs of the plant against too strong eva- 
poration. 

Suberized membranes are mostly brown. They are just as 
little digestible as lignified membranes, but resist putrefaction 
very energetically, as does also the cuticle. 

Micro-chemically, suberized membranes are characterized by 
the fact that they dissolve neither in concentrated sulphuric acid 
nor in ammoniacal oxide of copper. The cork and cuticle there- 
fore remain behind when tissues are treated with sulphuric 
acid. 

It is, however, to be observed in this connection that the mem- 
branes of the tissues of drugs, in consequence of their strong in- 
filtration with the constituents of cells, which takes place dur- 
ing the process of drying, often resist very obstinately the action 
of reagents, even when no suberification, etc., has taken place. 
It is only after repeated boiling with alcohol, water, and ether, 
that such membranes are made accessible to reagents. 

Suberin cannot be removed from the membranes by the ordi- 
nary solvent of fats, but only through the action of alcoholic 
potassa. It is therefore very firmly (perhaps chemically ?) com- 
bined with the cellulose. 

Closely related to the lignified and suberized membranes is the 
so-called intercellalar substance (middle lamella), or that 
substance which cements the cells to each other (x in Fig. 64). 

The intercellular substance " is insoluble in concentrated sul- 
phuric acid and in ammoniacal oxide of copper; on the other 

1 Compare also the section : Epidermal Tissue. 

* Compare herewith, among others, R. F. Solla, ** Beitrfige zur n&heren 
Kenntniss der chemischen und physikal. Beschaffenheit der Interceliu- 
larsubstanz," in Oesterr. botan. Zeitschr., 1879. 
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hand, it U soluble in nitric acid with tbe addition of potaasiuin 
chlorate (though not without decomposition) and in a hot solu- 
tion of cauatic potassa. Aniline colors are strongly absorbed by 
it. 

Tbe cetl-membrane of the living plant (and to an increased de- 
gree that of drugs) contains, however, beside the deposited sub- 
stances just mentioned, not only the organio constituents of the 
cell which enter it by infiltration, but also abundant amounts of 
inorganic compounds,' as has already been explained (page 144 
et My.). These are mostly deposited molecularly (as silicium),* 
more rarely in form of crystals (as in the spicula-ceils of Welwit- 
schia miTabilis and the epidermis of Dracienn leaves). 

As has previously been mentioned, the cuticle contains not 
only BUberin, but also wax-like bodies. Occasionally wax 
issues from the membrane, and then forms coatings consisting 
of granules, small staffs, or crusts. If these are distributed in 
slight amount over the epidermis, the plant organs assume the 
appearance of being covered with hoar-frost (/^cm/wosms), thus 
the leaves of J?uca/^/>^i(8, Riciniisand Cubbaife, Plums, and m&ny 
other allied fruits, and Juniper berries. In some plants, how- 
ever (especially several palms, Anacardiaceie, Myricaceje), the 
secretion is so considerable that the wax may be collected in 
large amounts, as, for instance, the Carnanba-wax, from the 
young leaves of the East Brazilian palm, Oopernicia cerifera 
Martins. 

The different varieties of wax are esters (compound ethers) of 
the fatty acids; upon saponification they do not, however, afford 
glycerin, but other (monatomic, not triatomic) alcohols. 

The varieties of gum and the nincilages, being closely related 
to cellulose, must be considered in eonnectiou with the latter.' 

' Tbe nmount of mineral coDBtituents of the menibtanes J9 very vari- 
able. The licHt quality of cotton, dried at 100° C, affonis but l.ia per 
cent of ash. 

' In tbe ailiceoiiB coatings of liLitoma, and in the grassed, 

• Compare De Bary, Botan. Zeit., 1871, Nos. 9, 10, 11, 34; and " Ana- 
toraifi, "p. 87 et seq. 

* Compare also Valenta," Die Klebe- und Verilickungsmittel."— Caeael, 
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Tho relations of these bodies to each other, as also to collulose, 
liave, however, not yet been made clear. 

According to Giraud ' theee siibatances may be grouped in the 
following manner: 

1. Ordinary yarietiea of gum: arabin, bassorin, cerasin; 

2. Pectose: ffuin iragactintk (adragaDtin); 

3. Plant mucilages in a more restricted sense: 

(ff) insoluble in alkalies and dilute acids (the cellnlose of 

quince-mucilage); 
(h) insoluble in alkalies, and forming with acids glucose 
and a variety of dextrin: Jlaxseed, mucilage of Iri*h 
mma; 
(c) soluble in hot. concentrated alkalies, and converted by 
acids into dextrin and glucose. 
Mucilaginous substances, in the broadest sense, are also di^ 
tiuguished by their behavior to nitric acid; some afford with 
it mucic acid, C.11.{0H).(C00H)„ while others do not. 
Furthermore, the aqueous aahitions of many varieties of ^um an 
precipitated by the normal acetate of lead, while others areonlj 
precipitated by the basic acetate.' 

Qum arahic and cherry-free ffum (ceraein), as well ee traga- 
canth, arc formed by a retrograde metamorphosis of the cell- 
mBmbrane,' that is, by a pathological process; the former two by 
a conversion of the membranes of the peripheral layers of the 
"horn-bast prosencliyma " ' into gum, the latter through a meta- 

' Compt. rend.. 80. 477; compare also Husenuum and HJlger, " Die 
Pflanzenatoffe." 1. (1883), 131. 

' Compare Kircliner anil ToIIena, Liebig's Annalen, 175 (1874). 205, 

* In reference to thip and the followLng statements com pan?: Mohl. 
Bot. Zeit., 1857. 83.— Frank, Jour. f. Pract. Chem., 95, 47S; idem, Prings- 
tieim'B Jahrb. tOr wisaenacliaftl. Botanik., V., 2S. — Wi^nd, " Ueber die 
DeeorganiBstion derPflanzenielle," in Pringsheim's Jahrb., III., 115.— 
Prillieux, " La formation de la gomme." Ann. des ac. nat., Ser., Bol. 
I.. 170. 

* With regard to horn-bast, compare Wigand, Flora 1877, p. 969, and 
" Lehrbuch der Pharmacognosie," I8T9, pp. 9 and 88; further FlQokiger, 
" Pharmakognoeie." 840, The word "hom-baet" should beexpunged 
from the modem terminologj. 
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morphosis of the membranes ia the medulla and medullary raya 
(Fig. 79). 

In the Amygdaleffl, however, gnm also occurs abundantly in 
the vessels and other elements of the wood, and often even en- 




Fio, 79.— Tlie ronoBtion of KuininpliBrry-woodiB. agRregales of (fum fonoeil through 
mMomnrptulii of Ibe cell-iDembr&iies; r. vessels more or lew BUed wilb gam; m, luedul- 
■IT TV*; jT. luuiii&l I")!!!;, spring wood; fit, unnuBl ring, aatumn woodlTichirchi. 

tire groups of cells of the woody structure suffer a conversion 
into gum (Fig. 78 i/), as in the so-called gum disease. 
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BeijeriDck ' attribates the origin of gum arabic^ the '^giim- 
mosis '' of species of Acacia of Africa, to the fungus Pleospora 
gummipara Oudemans: another fungus, Corynenm Beijerinckii 
Oudem., causes the gummosisof the Amygdaleae. Frank does 
not concur in this view, and Wiesner (Bofan. Zeif., 1885, p. 577, 
also Ber, d, Deutsch Chem, Ges., 1885. Referatep. 639), recently 
attempted to show that the transformation of cellulose (and 
8tarch) into gum or mucilage is due to a peculiar ferment, a 
"diastatic enzyme.'' At all events, the true gummosis, which is 
certainly a i>athological process, must be separated from the 
gum formation which serves as a protection to tissues (see sub- 
sequent references), and which is only intelligible from a physio- 
logical point of view. They are also distinguished from each 
other by the fact that the ** pathological gum^' — and only this 
is of interest to us here — is forme<l through a metamorphosis of 
the membrane, while the *•' physiological gum ^^ represents an 
exudation of the membranes into the cell-cavities. 

The transformation of cellulose into gum and mucilage can 
also take place without so great an alteration of the cells and 
tissues as in the case with gum arable and tragacanth. In such 
a case only one layer of the membrane becomes metamorphosed, 
as is shown, for instance, by the conversion into mucilage of 
the lilamentous Algte. The gum mucilage of the glandular 
hair (oolloters) or many foliage buds, which is often mixed with 
volatile oil and resin, is formed through the conversion into 
mucilage of a membranous layer (collagen layer ") lying under- 
neath t he eutiele of the glandular hair. The mucilage of qubice 
»vni unci of flaxseed is probably also formed primarily through 
n eonvt^rsion into mucilage of only the secondary membrane of 
the epidermis cells' of the respective seeds (Frank). The 
wuMJH of many of the Papilionaceae, for instance, those of Trig(h 

I *• ()ii(lorx(H«kingon over de Bestnettelijkheid der Gomziekte bij 
|)lniiton.** AiiiHterdrtm, Joh. Mtiller, 1884, 4to, 46 pages, 2 plates. 

• A'iMA<r kIuo, and yeyrdoj to produce. Hanstein, ** Ueberdie Organe 
dor 1 lui'x- und Sohleimabsonderung in den Laubknospen." Bot. Zeit., 
iMiH. Nt>. 4\\. 

• Hoik*" •• Atla«,".Plate XLVI., Figs. 122, 128 6. 
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ki/anvm grwcum (fetmgreek seed), present an illustration of 
the formation of mucilage occurring m the inner tissue, not in 
the epidermis,' 

In leaves, mucilage appears to bs formed but rarely in larger 
amounts. A very remarkable example of this character * is 
presented by the Bucku havex from liarosma crenulata Hooker 
and other species. 

But mucilages are also formed in the plant, apparently with- 
out this dirert participation of the membrane. They then fill 
either all the cells of the tissue {Iriuli moss), often iu combination 
with etareh (Sp/nsroaoccvs lichenoides), or are confined to indi- 
vidual cells, which are often distinguished by their shape and 
siae [cinnamon, elm bark, aalep '), or, finally, are given off by 
intercullular receptacles of secretions (CycadeEe). Even the gum 
whieli esudes upon wounded places, for the purpose of closing 
the vessels — and which, therefore, serves a physiological pur- 
pose — 18 not formed through a conversion of the membrane into 
gum, but is secreted by the same in the form of drops ' (see 
above). 

The designation, ba^sorin, has injudiciously ' been trans- 
ferred to a part of the mucilages. Solutions of plant mucilage 
are not only precipitated by basic acetate (subacetate) of lead, 
but also by the neutral acetate (sugar of lead). Plant mucilage 
from its various sources presents, however, iu its behavior to 
water, all gradations, from complete solubility to mere swelling, 
accompanied by hut extremely alight solution. For the pur- 
pose of microscopical examination of tisAues containing mucilage, 
those liqaids are therefore useful which act to a less extent upon 

I Flflokiger, "PharraakogtioBie," 1888, 934. 

' FlOckiger, SchweiKerische Wocheiischrift fQr Phiu-niacie, 1878, p. 
■435; FlQckigerand Hanbury, " Pharmncographia," 1879, p. 109; Radlko- 
, fcr, "SapinilaoeeD-GaUunK Serjania." Munich, 1879, 100. 

■ Berg's '■ Atlas," Plate XSIII., Fig. 57. 

* Frank, " Berichte d. deutsch, botan. Oea.," 11. (1884), 322. 

* Injudicioua in bo far as under the name ot Baiaora Oiim different 
and not aucuratel; known varieties of mucilage, similar to tragaennth, 
have been grouped together; tlie eipression (wsrarin is, tlierefore, not 
capable of precise definition, and eliould be abandoned. 
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the latter, such as coacentrated glycerin, alcohol, and fatty or 
Tolatile oils. The nmcilage then appears contracted to a mass 
which no longer completely fills the cell, aa, for instance, in 
Sulbus Scillm. Occasionally the masaes of mucilage show a 
Btmtitication, which is rendered more prominent upon the addi- 
tion of alcohol, aa may be seen in Radix AltheBts, In such cases 
it is to be assumed that a gradual, even though but partial, con- 
version of the cell-wall into mucilage has taken place, especially 
when the mucilage, as in salep, is colored blue by iodine and 
sulphuric acid, or is even soluble in ammoniacal oxide of copper, 
like pure cellulose. The latter is the case with the ternnnal 




riiniiilii-r of the cellulose series, lichenin (see pages 123 and 
I I'd), wliiiih is related to the varieties of mucilage. That the 
f>i>ll wiiIIm arc capable of passing entirely into mucilage has al- 
KDiilv biKHi noted ())age 164). In the formation of iragacanth, 
(lol. ftiilv till! cull-membranes participate, but also the starch 
Ifitiiiiilim which were previously deposited in the tissue, and 
whli'li III It nlight extent are still retained as such in the traga- 
iiiiif't ('''ig- 7'')- Other constituentsofthecellsalBooccasionally 
lithii jMirt in Ihu formation of gum and mucilage. 
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lODBideraljle differences, which have, however, been demoii- 
etrated as yet only by a few examples,' are also presented by the 
various kinds of nincilage from an optical point of view, some nf 
them rotating the plane of polurized light to the left, in the 
same manner as ordinary gum, while other mucilages rotate it 
to the right. 

With regard to their chemical character, gums and mucilages 
are but little known, and are with difficulty freed from inor- 
ganir. constituents and nitrogenous substances.' Gwrn arabic 
appears to be composed of the calcium, potassium, and magne- 
sium ealts of arable acid. If the formula Cu(C„H,,0,,), + 3H,0 is 
asAigned to gum arabic. it must contain 13.3 per cent of water 
and 1.9 i>er cent of calcium; these niimbera nearly correspond to 
the actual proportions. 

It is also scarcely possible to characterize gums micro- 
chemically. They mostly swell in water (not the gum produced 
by wounds) and are not rendered blue by iodine, or by iodine with 
sulphuric acid. The plant mucilages are colored yellow or bine 
by iodine, and blue or violet-brownish by iodine with sulphnno 
acid. Both are insoluble in ammoniacal o-tide of copper. The 
amyloid of Schleiden, which should also be considered here, is 
colored blue by imline, yellow by iodine water, and is soluble in 
boiling water. In some cases, for instance, in Cyihnia and 
»aUp, the mncilage retains the capability of being colored from 
reddish to blue by iodine, after treatment with sulphuric acid, 
and in this respect stands one step nearer to cellulose. It does 
not follow from this, however, that mucilages always originate 
from cellulose. In AVwiem Cydonta, Sem. Lini, Sem..Sinapisalba, 
and also in the seeds of Plantagu Psyllium, before they ripen, and 

' Wiggers-Hitseniann'fl Jahresbericht, 1880, 154. top. 

' Tragacaitth afTorda tliree per cent, at aah. In mucilage oF Irish 
moKii. even after repeated purillcation. there are still contained sixteen 
per cent ot inorganic substances and 0.88 per cent ot nitrogen (= six 
per cent ot albumen): Wiggei'a-HuBemann'B Jahreaberichl derPharm,, 
1808, S3. With reference to man; other varietiea of mucilage compare 
Frank, PringsbeiDi's Jahrb. (Qr wiasenBchaCtliche Botanik., V, (1866), 
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before mucilage makes its appearance in the respective cells, 
there are found starch graoTiles, which afterward disapp^Hr — a 1 
circumstance which very probably stauds iii definite relation to 
the formation of mucilage. 

Vie sh&ll also meet with a transformation and solution of 
cellulose later on, when we come to the consideration the origin 
of cell fusions. In the formation of vessels, steve-ttibca and 
lacticiferouB dncte, namel)', a resorption (solution) of the trans- 
verse walls consisting of cellular substance takes place. Besides 
this process of solution, there also occurs, during the formation 
of the lysigenic balsam dncta {see also under " Receptacles for 
Secretions "), u transformation of the cellulose into secretions. 

Thus, for example, the membrane may become cooverteti into 
resin ' (see Index references to the latter). Such a transforms 
tlon appears also to be the case in the formation of the resin of 
Polyporus officinalis Fries. 

With the vaiietios of gum and mucilages are also connected ' 
the pectic BubstHiiceB, the knowledge of which is still very 
incomplete. 

In close connectiou with the bodies which have here been 
treated of stands lldieniu' (licheii-fltttrch, amylo-cellulose), a 
carbo-hydrate deposited in Celrarla idandica, in L'snea, Panne- 
iia and Clmlonia. According to Berg, the licheuin of the first- 
named lichen, the Iceland uiosa, is a mixture of two substances, 
one of which is colored blue by iodine and is dissolved by 
chloride of zinc and ammoniacal oxide of copper.' 

' The formation of resin can take plsee; I. As a Irue secrelioii throng ' 
proper organs of eeuretioti. 2. By the liquefaction o[ the outer vralla of 
vei'taiu cells. 3. B; a oietamorphosiB of the entire celt-wall and con* . 
tents of the cell (lysigenic and pathologic receptacles for resin), 4. By 
a transforcnation of certain constituent bodies, increasing the resin 
formed accordiQK to 2 and 3. (Compare Eanausek, " Jahresberichtder 
Handeleschule in Krenis." lt>80}. See also subavquent references under 
'• Receptacles for Secretions." 

' From lichen. 

* Jahresbericht der Pharmacie, 1S7S, 21. Compare FlQckiger, 
" Pharniakognosie." second edition, 373, and " CTeber SL&rke und Cella- 
loae," iu Arcliiv der Pharm., 19e (1871), 37. 



II. Forms of Cells. 

plot with 8 tan ding the unlimited variety of forms of developed 
plant cells, they, neverthelees, show very similar outlines ia a 
young condition. In every caae where cells can develop unob- 
structed, they assume a spherical ehape (Fig. 80), which ia the 
fnndament^ form of all cells (Sacr.haromyces, spore cells, pollen, 
heads of ghinds, the cells of soft tissue, for instance, of the 
medulla). 

The subsequent distinctions in form are produced either 
through unequal surface growth, or growth in thickness or 
length of the cell, or through the pressure of contiguous cells. 





If the surface growth does not proceed uniformly, there are 
formed a great variety of elliptical, tabular or hemispherical, 
sinuate, star-shaped (Fig. 152) or plaited cells. 

If the growth in thit^kness is unequal, all the forms are devel- 
oped which have previously been mentioned when considering 
the growth iu thickness of the membrane (page 149); the 
pitted, scalariform, annular and spirally thickened cells (vessels. 
Pigs. 66 and 68), the stone-cells and bast-cells (sclereids,' 
Figs. 70, 110, 115, lie, 117). If the growth in tliickness is 
confined to the corners, colleaehyma is formed (Fig. 109 J). 

If the growth in length is unequal, that is, chiefly confined 
to two opposite sides, there are produced elongated forms of 

' Se« page 156, foot note. 
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cells, bast and wood-celk (Fig. 136), sieve-tubes {Figs. Ii7 anil ] 
148), furthermore sickle-Bhaped, and S- or U-ehaped cells. 

Mutual preBsure also cauaee manifold differences of form. I 
Thus from roundish cells (Fig. 80), polyhedral (Fig. 81), and I 
more or leas rectilineal forms are produced. It ia only in very J 
delicate and soft tissues (the flesliy part of fruits, medulla, leaf- I 
cells), and in those places where the membrane reaches the-l 
onter air (outer wall of the epidermis and bordering membranM F 
of the intercellular spaces), that the spherical outlines reroun I 
preserved; in &rm and hard tissues (wood. Fig. 180, bast I 
groups. Figs. Ill, 113, 113) all cells are seen to possess, on a. 1 
transTerse section, more or less flattened forms with a rectUioeial | 
border. 

There are ordinarily distinguished, aooording to the schema 
first proposed by Link:' 

1, ParencAjftttn,' thin-walled, mostly ronn dish- polyhedral 
and isodiametric cells: cells of the fundamental tissue, of the 
medulla, of the fleshy part of fruits, merenchyma' of the leaves, 
and when extended in a pulisade-like manner, palisade'cells * 
(Figs. 80, 81, 85, 108, 127, 128, 129). 

2. Prosenchyma,' consisting of thick-walled, more or leaa 1 
elongated, spindle-shajied cells, with the ends wedged into each I 
other: wood-cells, bast-cells (Figs. 13fl, 136, 110, 111). 

Striking and convenient as the discrimination between proa- I 
enchyma and parenchyma appears, yet it docs not admit of I 
sharp application. 

Fungi and lichens are composed of thread-shaped cells, 
hyphm,'' wliicb continue to grow at the ends and mostly divide | 
and branch by transverse walls (Fig. 82). They are not only I 

' " QnuidlehreD der ADatomie und Phjeiologie der Pflanx«n." QOl- I 
tingen, 1807. 

* riapd beside, thereon, and lyx'^i"' that wbicli is poured in, thft-l 
cells considered as standing upon each other. 

' An expresBion introduced by Meyen (" Phytonomie," Berlin, 188(0. 

* Pallia, i, maac. aatnke. 

• Ilpoi towards, between, and tyxv/ia (see above}, the cells consid- 1 
ered us inserted between each other. 

• Ttpi} the tissue. 
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lely interwoven, but also cling together with great tenacity, 
tinleas they incloBO hollow spaces. The tissue { pseud o-paren- 
ohyma)' of aelerotiums, for instance of Secalecornutum, couaiatB 
of remarkably short hyphie, go thatupou thin sections it has the 
appearance of parenchyma. It ia only upon a longitudinal 
eection, softened by a dilute solution of chromic acid (ace Micro- 
ohemical Reagents), that the threadlike nature of these hyphie ie 
likewise clearly brought to view. Notwithstanding their slight 
length, they are very firmly connected with each other. 

Through subsequent resorption of the transverse walls of a 

p or less elongated row of cells (cell-fusions), long tubes may 




loogituilina] SBCtioa Uimugb 



be produced which poBsesa the most varied physiological func- 
tions, sometimes as vessels (in the woody structure), sometimes 
S8 aieve-tubes (in the phloem), and sometimes as laoticiferous 
ducts (in the fundamental tissue); all being thus designed for 
conducting purposes. 

If the cells lie densely upon each other, they are firmly cemented 
together by the intercellular substance^ (middle lamella) (Fig. 
64 a:); if, on the contrary, they are not in contact with each 

Wevdoi illusion. 

Inter, between, and cellula, cell. 
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other on all sides^ there appear between them (especially at the 
corners) intercellvlar spaces, which are mostly filled with air 
(Figs. 127, 129, 151, 152, 155). 

III. Cellalar Tissue. 

With the exception of the one-celled plants and plant organs 
{SaccharomyceSy trichomes, Lycopodium) and some fangi and 
algae represented only by simple cellular threads, all plants con- 
sist of cellular tissue,* that is, of cells (aggregations of cells) in 
every form of arrangement. All the cells of such tissue are 
never completely uniform, but the individual parts become dis- 
tinguished at an early period in a more or less pronounced de- 
gree. While the cell of the algae performs conjointly all the 
functions which are required of the plant, in the higher plants 
a division of the work takes place in such a manner that some 
forms of tissue undertake one task and others another. 

Through this division of work there are then produced in the 
body of the plant anatomico-phjsiological systems of tissue. 
Such a system of tissue is, therefore, a union of cells, complete 
within itself, and connected by their entire physiological deport- 
ment. 

This differentiation of the body of the plant, however, is not 
noticeable until the later stages of development. At the places 
of development, the growing points (apex of the stem, tip of the 
root), such a difference in the tissues is not yet perceptible. The 
tii?sue here consists rather of uniform, more or less isodiametric, 
thin-walled cells containing protoplasm, and in a state of most 
active division. Such a tissue is termed developing tissne, or 
merisiem.* As such it stands in opposition to all the remaining 
tissues, which are also collectively comprehended under the name 
of permanent tissue. The cambium (Fig. 138) is also such a 
developing tissue. 

1 The inner juicy tissue of maturing fruits (tamariwu, juniper berries,. 
orangeSf stone-fruits) is resolvable into individual cells, but these are al- 
ways held together by their surroundings. 

* MepiZoo I divide. 
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Tiiie, namely, the cells of the developing tiasne have not yet 
aaanmed adelinite, permanent form, bnt become altered by di- 
TJeion aud mutual dielocation, the cells of the permaneDt tieaue 
are conclusively defined with regard to their form, or are sub- 
sequeutly but little changed. By far the most druga consiat of 
permanent tissue. 

In the angioapermB there are to he distinguished at the grow- 
ing point three meristem zones: the dermalogen ' from which is 
formed the epidermis; the per ihlem,^ from which is produced 
the bark; and the plerorn,' from which are formed the voiscular 
bundles and the medulla. In angiospermoua roots there is, ia 
addition, the cali/ptrogen,* which represents the developing tis- 
sue of the root-cap. 

IV. Systems of TiBsne. 

grouping the forma of tissue as systems of tissue, the 
itter are viewed not alone from a purely anatomico-topographi- 
cal standpoint, hut if, at the same time the question arises, in 
which manner the various tissues are of equal value physio- 
logically, they may be divided in the following manner: 

1. The epidermal sifslem. Function: the protection of the 
organs from without. 

2. Tlie mechanical system. Function: to give stability to the 
plant. 

3. The assimilating system. Function: aasimilation of the 
carbon. 

■ 4. 77ie conducting system. Function: conduction, especially 
the conduction of water and nutritive salts from the soil, and to 
conduct away the products of assimilation. 

5. The storing system. Function: the storage of reserve nu- 
tritive sobstances aud of water. 

6. Tlie aerating system-. Function: the aeration of the or- 
gans. 

' Jipaa skin, and ytrvdai I produce. 
' ncp{ AtOMwd, fl\^/ia covering. 
* nXrifioSfia that ^hich fills. 
' KaKvjiTpa a cap. 
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7. The system of receptacles for secretions. Function: to re- 
ceive the products of secretion of the plant.* 



1. The Epidermal System. 

While such plants and parts of plants which consist of a single 
celly or of but a single layer, do not possess an epidermis,* a 
more or less distinct development of epidermal layers appears 
already in the thallophytes and cormophytes, which have the 
thickness of but a few layers of cells. The cells in these layers 
become for the most part smaller and more thick-walled toward 
the exterior, and often colored, even though the formation of a 
true epidermis is not yet efifected (Secale cornutum, Fucus vesicu- 
losus, Cetraria, Us?iea, SphcBrococcus, the small stems of 
mosses). 

It is only in the higher plants that, even in the youngest 
stages, a true epidermis is formed, and this is the first of any 
system of tissue which is sharply defined, morphologically, from 
all the others. 

It consists in most cases of a row of tabular or plate-like cells, 
laterally united without intervening spaces, which in the organs 
of dicotyledons are» as a rule, of quadratic form, in the elon- 
gated leaves and stems of monocotyledons, however, are mostly 
extended in the direction of the axis of the organ (distinct upon 
surface sections). On many roots the epidermis is also sharply 
defined from the other tissue by a different color and strongly 
sinuous outer walls. Such an epidermis, which we meet with, 
for example, on tlie rootlets of Hellehorus niger and Veratrum 

1 Sachs classifies the tissues as follows: epidermal tissue, fascicular 
tissue, and fundamental tissue. In the above division we adhere to the 
classification of Haberlandt(**Physiologische Pfianzenanatomie/' Leip- 
zig, 1884), which is based upon Schwendener's principles. Nevertheless 
the expression ** fundamental tissue " (filling tissue) may often be permit- 
ted in the following pages on account of its brevity, notwithstanding 
the fact that the fundamental tissue comprises the most varied forms 
of tissue. 

* *Eiri upon, and Sep^ia skin. 
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album, was formerly termed epiblema (Figs. 84, 119, 130, 131, 
183). 

Occasionally, however, the epidermisconsistBof seyeral layers, 
as, for example, in Macis (Fig. 85), and in many leares (Ficus), 
This iniiltiple epidermis, which is also termed kypoderma,'' con- 
sists, in the case of delicate organs, mostly of uniform, thin- 





Fia. 8S, Fla. St. 

Fra. 88.— Longltiidiiuvl aettlon through tbe outBrmoM Uyer of VanUla; a, eiddcrmAl 
celk, cODlalaliitt cryaUUg of tanllliii; b, cella with Bpiml Bbr«s, 

Fio. 84.— Epidermal cetlu of ft rooL (vpihlema] on a IraEUTorfle aectloD; tbedark cella 
repnaent (be o|jlblemB, 

walled or slightly thickened oella (^leaves of the Piperaceie, - 
Chavica and Peperomia, of the Begoniaces, and of species of 

''Trto under, and Sip/ja skin. We uae tho word only for the true 
multiple epiiierinis, not for the iHvers (collenchymn, boat'fibree) which 
impart etreiifitli to the siogle-rowed epiilermia. 



k 
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Ficug); tiie ontermoat row, however, is also Uere. for the most | 
part, Bomewhat differently formed. 

In meet fruits and seeds only the outermost row of cells be- 




longs to the epidermis, and in this case, to speak of a multiple 
epidermis, is incorrect. 




Pio. 8B.— Rind ottbe fnitt ol Colociptth i[n the commercial fruit luuaJly remorad ' 
paring); a, eptdcrmlii; b, iiareiiehyuiK; c, scterenuhymMou)! Ufer, wUch mostJr ton 
tbe outer surface of Uie pared fruit. 

In the epidermis consisting of a single layer, the cell-vaile are I 
mostly firmer than in the tissues lying beneath it, and mors I 
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strongly thickened on the outer side than on the inner ' (Figs. 
83, 86. 63, 109, 129, 155). Occasionally the outer wall ie even 
of quite remarkable thickness {CaryophylU, Mads, Fig. ICO). 

I An example where this is not the case is presented by the epi- 
mto;( 

dermis of Hyoscyain us seeds. Here the outer wall of the epidermal 
^- ^cells of the teata is formed exclusively of the delicate cuticle. 
I The outer wall of the epidermis cells is always covered by the 




tJirouffb Srmeit Faradiiii lOralOB ot Piuudite'i; /, epMer- 




cntide (seepage 161 and Figs. 155, 160, 63, 128,161), usually a 
delicate ' film, insoluble in sulphuric acid, impenetrable by water 

' The delicate epidermal cells of the aeeds of Cydonia and Linum, 
which produce mucilage, form an exception (Berg's " Atlas," xlvi., 1S2, 
123). 

' Compare Tschirch, " TJeber etnige Besichungen des anatomiachen 
Bauea der ABsimilutionsorgaue zu Klima und Standort," Linnsa, ix. 




180 PLANT AKATOMY. 

and aqueous yapor, and which for the previously described reasons 
is primarily adapted to fulfil the function of the epidermis 
namely, protection against too strong evaporation. 

The cuticle, which is often directly visible upon transverse 
sections (Figs. 160, 161, 155), or is easily rendered visible by 
dilute chromic acid, sulphuric acid, iodine, orpotassa, covers all 
the organs of the plant which are exposed to the air, and, in the 
case of favorable objects, can often be removed as a coherent 
film. 

If the outer wall is thin, as for instance in the leaves of the 
indigenous foliage trees and all the officinal leaves, then the 
cuticle is in direct connection with the cellulose layer (Fig. 155); 
if, however, the outer wall is very strongly thickened, the inter- 
vening layers of the outer membrane of the epidermal cells are 
for the most part cuticularized (cuticular layers. Fig. 161 
C8y 63), that is, they have become more similar to the cuticle 




Fio. 80.— Transvene section through Fig. 88 A, more highly magnified. 

itself by the deposition of cutin. These cuticular layers often 
project in a somewhat cone-like form towards the interior (Figs. 
161, 63). 

The outer wall is frequently somewhat arched in an outward 
direction (Fig. 155). These outward arches may become defi- 
nitely shaped processes, whereby the exterior surface acquires 
a pitted appearance. The same appearance may, however, also 
be produced by the prominent development of thick lateral walls 
(testa of the seed of Hyoscyamus, Fig. 88, and the leaves of 
Oentiana cruciata). In the latter case, the outer wall is always 
very thin, and indented (Figs, 88 and 89). Occasionally the sur- 
face delineation is also produced by the projection of sharply 
circumscribed groups of epidermal cells. 

The outer wall (like the thick lateral walls. Figs. 88, 89) 
shows, as a rule, a distinct stratification. 
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While the outer walla of the epidermal cells, as a rule, are 
thick, the lateral walls are mostly thin. The Figs. 63, 109, 139 
and 155, therefore, reproduce the type of epidermal cells. 

Upon Hurfaee Heetions, the lateral walls appear in many cases 
ei&Qous, as, for instance, in all leaves of the Gromineae (Figs. 88 
B, 30, 154, 157, 158), ao that the individual epidermal cells 
which are provided with many protuberances fit into each other 
in a tooth-like manner (many corolla leaves, and the epidermis 
of Sevien Stramonii, Fig. 90). 

Afl a rule, the contents of the epidermal cells are colorless. 




rio. oa— TnnirsnU^ secQon through Ihe epidertnlB of Ssmen fiframoniV. 
Flo, fll.-Tr»oBvcr» section througli Chinese K»lla; a. epidermis, the oeUa ot which 
frequentl; grovi out ill Ihe tonn at alntple halra; b. lacUcUerouH cells. 

without chlorophyll; occasionally, however, coloring matters 
appear in them, dissolved in the cell-sap. Colored epidermal 
cells produce, for example, the red color of many etems {itick- 
wheal, Ricintis) and other organs (the apple). In the red 
potatoes, the coloring matter is contained in cells lying beneath 
the cork. 

It has already been mentioned (page 180) that the epidermal 
cells often project outward. If these protuberances become 
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larger^ hair formations * or trichomes * are produced. These 
are found in the most simple, unicellular form, in Stipites DuU 
cainarcBy on Herba LobelicB and the Chinese galls (Fig. 91), and 
upon coUoH'Seed (Figs. 92, 114); the root-hairs {Rad. Sarsapa- 
rillcB, Fig. 126) also belong here. 

The hairs are occasionally very long (flower buds of Althcsa 
rosea).* Long, sharp, silicified hairs are termed prickles (sting- 
ing hairs of the nettle. Fig. 93 a). Firmer, short, non-secreting 
trichomes are called bristles. Of the latter kind are, among 
others, the hairs of Nux vomica (Fi^. 93 b), of anise (Fig. 94). 

The hair formations do not, however, always remain simply 
hair-shaped. Many of them assume other forms (that of a 
star, shield, or head. Fig. 95), throw out branches and become 




Fio. 92.— Hairs of cotton. 

multicellular.* Flatly expanded multicellular hairs (chaffy 
hairs), such as are of frequent occurrence in ferns (for instance, 
in Aspidiurn Filix mas) form the so-called Pengawar Djambi. 
If the terminal cell of a multicellular trichome becomes ex- 

* Compare Weiss, '*Die Pflanzenhaare," in Nos. iv. and v. of the ** Bo- 
tanische Untersuchungen/* of Karsten, 1867. Rauter, loc. cit., 81. Mar- 
tinet, Annal. d. sciences natur., ziv. (1872), 91-282. Paschkis, '* Pharma- 
cognostische Beitr&ge.'* Zeitschr. d. allg. oesterreich. Apothekervereins, 
1880, Nos. zxvii. and zzviii. Hanstein, Bot. Zeit., 1868, 725. De Bary, 
*^ Anatomie," p. 61, where the literature is given to the year 1877. 

* &pi^t rptxoi hair. 

•Sachs. *• Lehrbuch der Botanik " (iv.), 101. 

^ The unicellular climbing hairs of the /iop, reposing upon a multicel- 
lular cushion, are not of this kind. 



Med in a head-like form, the formation of daughter cells 
frequently occurs, with the simultaueous secretion (for instance. 





hair of the nilrle. will 
(tbe direction of Ihv c 
Ibe epidermis of Ifux ■ 



irotoplasm of Ihe h&lr 



lirn (Berg). 



in the Labiatee) of a balsam or volatile oil, which is often 

accompanied by the formation of mucilage ' (Figs, 96, 129, 

' Tbe morpbologj and the nature of the developmont of secreting 
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164). Such hairs are termed glandular hairs or colleters.' To 
this claee belong also the glands of Dictamnus.' 

In the species of CUtiu of the Mediterranean flora, these hur 
formations secreting resin' are so numerons and so product- 
ive that, for example, the product of Ciatua ladaniferus has 




Fm. M.—A, Tr«i»T«rat section thnHigh FYuchii Aniti. e, epidamlt, dotbed wtth 
bain; cc. commlanml surface: o. oil tpe,i»a: I. coatiDK ot tbe IMilt; C ilowvr t<. awd 
coat; V, flbro-vuculu' bundlca (rfbe, conbel: a, albumen oltbe seed,Uw paieuchjina of 
vblch It Indlcaleil b; but ■ f«w cells. B, Halra, more highly magniAed. 

been collected in the islands of Candia and Cyprus from ancient 
times and employed for fumigating purposes. This ladanum 

trichotnes has been described by Hansteia (Bot. Zeit., 186&, 747); com- 
pare also Do Bar)-, " Anatomie." 

■ KoXXrjToi glued together. 

*Me;en. " Secretionporgane der PflanseD," Berlin, 18S7; Plate i.. 
Figs. 25 and 89. De Barj, " Anatomie," p. 78. 

> De Bary, loc. cjt.. p. 99, Fig. 36. 
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H*n-is probably the only esample of such a drug originating 
from triehomes,' 

In knmala and lupuh'n, which, according to the nature of 
iheir development, should also be classed with the trichomes,* 
the formation of resin predomimttes; and in kamala otl is en- 
tirely wanting. 

GlandB which secrete wax are found on the leaves of Globu- 




Tio. K.—FIortM Verbatci. A, BaaA-Wie, nott, c^lub-slupeil tutlrs of the Uir»e7i1 
■tuneiH, ccnered with eieeedlnBlj fine. apinUlf-arniiiged. proiecWoe polnla. fl. Stel- 
late halni from tbe bue of tbe talila of the coroUo, 

taria Ali/putn L. and other apeciea,' those eeeroting nectar in 
Mf lampy rum* 

' Compare Thiselton Dyer, Pliarm. Jour., kt. (ISW), 80], 

'With regard to the development of the lupulin glands, compare 
Holzner, " Entwiokeliuig der Trichome der Hopfendolden." Buyer. 
Bierbrauer, 1877, No. 10. Hauler, " Denkachr. d. Wiener Akad.," 1870, 
p. 31. Luerasen, " Medizin.>Fharmaceutiache Botanlk," ii., p. 527. 
Hsrz. "Samenkunde," ii.. 896. 

'Heckel et Sohlagdenhauffen, Compten rendus, 95 (1882). 91. 

'Rathay, " Ueber nectarabsonderade Trichome einigerj Mela mpyr urn- 
Arten." Wieaer Abademie, 1880. 
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The form and size of the hsira, as also the relative tbickaess 
of the wail compared with the lumeo or cavitj, afford in some 
cases good points of discrimination for the recognitiOD of adnl* 
teratioDS in foods and alimentary substances. Thus Wittmack ' 
distingnishes wheat and rye fiour by the fragmentary hairs of 
the 80-called coma, which always occur therein iu small amount; 
and upon the form of the hairs Bell ' bases the distinction of 
tea, elder, willow and ilack-ihorn leaves [Pruniis apuiosa Lin.). 

The physiological function of the hairs of organs of assimila- 
tion (leaves), which when old mostly contain air, is to diminish 
the extent of tmnepiration. The hairs of seeds, which are often 




Fia, M.— Oil KlamlB of (he I^blaUe. e. g.. at Romarinut. A. Lon^hidlnai aectJoD of 
a terge gland, a. ilvm-cell; b^ elgbC delicaM-n-aUed dausbCer cells which produce Che 
YDlaUle oil, by tbe escape of which the cuticle of tbe parent cell, d. becomea eipanded: 
/.epMemiiiot the leaf upon which the gland U formed; g, pallaade-ceUai c, a maD 
gland. B, Transrerae section of Fig. A. Compare alao De Bar;, " Anatomle," Fig. Ml. 

feather-like, are means of distribution; the firm hairs of climb- 
ing plants are organs which serve to fasten them. 

Some prickles, for example in Rubus, are, like the hairs, 
also of epidermal origin, and are thus trichomes. Tn the forma- 
tion of most of the true prickles or outgrowths, however, the 
tissues beneath the epidermis, and even the vascular bundles, 
also participate {Rosa, Smilax'). 

■ " Anleitung zur Erkennung organischer und anoi^aoiBCher Beimen- 
pingen im Roggen- und Weizenmehl." Leipsig, 1884. 
■Bell, " Die Analjse der Nahningemittel," i. (Berlin, 1883), 86. 
'De Baiy, " Anatomie," p. 61, where tbe literature is given. 
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inally, the so-called inner /lai'rs may also be mentioned, 
irhich occaeionally penetrate into the air-cavities (star-shaped 
hairs of the Nymphw, glandular hairs of Aspidium Filix mas, 
Fig. 1C2). 

The epidermis no longer suffices for older plant organs of 
several years' growth, since it is a much too delicate tissue (tor 
instance, for the stems and branches), and, as permanent tissue, 
is not capable of keeping pace with the growth in thickness. 
In these organs, therefore, there is formed beneath the epi- 
dermis, and mostly independent thereof, another tissue, the 
periderm.' The latter consists of a permanent tissue, the 
cork, and a formative tissue, the phellORen,' or cork-cam- 
binin. 

tphellogen, by a tangential division of its cells, forma the 
, w 

eorJc-cells; but it is also capable of contributing to the increase 
of the bark parenchyma by the formation of parenchymatous 
elements. Sanio ' terms the aggregate of cells which are thus 
produced, and occasionally thickened on one side (Figs. 97, 149) 
phelloderm ' or cork layer of the hark. 

'i7«pi around, and Sep/ia akin. 

' #iAA6s cork, and yivyda I produce. 

* *' Bau und Enlwick^lung des Eorkes." Pringsheim's Jalirb., iL, 
(1860), 47. H. T, Mohl, " EDtwicbetung den Korkes und der Borke der 
baomartigen Dicotylen " (1836). " Verra. Sohrift.." TQbingen. 1845, 
230. F. von H6hne], " Ueber Kork und verkorkte Gewebe Qberhaupt.'' 
Sitzungsberichte der Wiener Akademie, 70 (1877). EauBtein, " Bau und 
Entwickelung der Baumrinde." Berlin. 1853. Hofmeiater, ■' Handbuch 
der phys. Bocanik," i., 253. De Bnry, " Anntouiie." 

* ieXXoi cork, and Sip/ia akin. 




in the pheUodenn o( the bark of CaanOa alba (J. McwUer). 
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The location of the phellogen is not exclusively confined to J 
the region directly under or within the epidermis, bnt may also J 
develop itself in the form ot bands and stripes in the fondft- I 
mental tissue of many barks, or even in the phloem layer. Oat- 1 
side of such layers of inlernal cork {Fig. 98), the most various 
tissues of the bark uiuy therefore be represented, according to 
the depth at which they lie {phloem elements, Fig. 100, bast- 
cells. Fig. 98, etone-colle. Fig, 101, and, indeed, even resin* , 




canals and oil-spaces. Figs. 99, 100); they become pushed out 
of the course of circulation of the sap by these lamellie of inter- 
nal cork, and are either thrown oS as scales (in a very handsoma 
manner in the Phitamis and Eucalyptus), or they still remain 
for a long time united with the stem, and appear severed and 
torn only in consequence of the growth in thickness {bark, 
rhytidiiina '). 

' 'Putii. fivzlSoi told, wrinkle, and Saiaiia> I build. 



1 




!he bork of our foliage trees, for example of the oak, con- 
tains, in addition to cork-celJa, all the elements of the outer 
bark (parenchjciaj stone- cells). 
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Whether barka experience the formation of bork, or are pro- 
vided with a simple covering of cork, appears to depend npoii 




Fio. lOS.— Cortical tayer of Radii Calunba,- ■. cork; nt. f 
perwd atoniM.-etla which Incloae cirnali of oxalMe; B. T. Hon hJcUj' —g-— ^ 
CTTStola; H. Iwiu crTit&l. 

the peculiarities of the species. In the Cinchonag, for exua- 
ple, bork is sometimes met with, and sometimes not. BooUsn 



J 



BORK— CORK. 
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"iWBO capable of forming bork, which may be very plainly observed, 
for instance, in Radix Sassafras. 

If the periderm layers which are formed in the interior of the 
bark occupy only a part of the circn inference, scaU-bork is pro- 
duced (Robinia, Platanus, Cinchona, Pinus siheetris, Quer- 
nis)\ if, however, the secondary periderm layers form parallel. 




-Tranaverse gectian of RKUoma Oi 



closed rings, which embrace the entire circa mference, hollow- 
cylindrical sections of bark are converted into bork, andV/njerf- 
hork is produced ( Yilis, Clematis). 




CaicnriUie, Cork layw and primitry burk, wiUi c.tj-b1*Is of oalcliun 



Since the cork-cells are produced by a tangential division of 
mostly tangcntially extended cells, they are flatly tabular and 
parallelopipedal. They are in unbroken connection with each 
other and contain air, never solid matter; As the divisions in 
the phellogen take place very regularly, the transverse walls of 
the cork-cells frequently traverse the entire cork tissue in one 
and the same line (Figa. 102, 103, 108). 
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The ordinary cork, of Quercus Suber, corresponds in iu form 
to tha above type.' Deviations from liiis fundameDlal form 




O'. pheUogsn tayw; A. prtrpar?- 



dejiend upon a more nnduUting — thongh on a transverse sec- 
tion, generally radial — course of the transverse walls, or upon a 




thickening of one or all sides (as seen in Figs. 102, 103, 108) 
of the onJinarily thin walla (Figs. 97, 104, 105). 



' Tet in cork {bottle-' 



etoiie-cella occur (Fig. 101). 



t outermost layer ia often in process of decay, aa for in- 
iDceiu the pofalo {Fig. 108). While this perishes, new cork 




is oontitiMnlly formed from the interior (Cortex Qiiassiw jamai- 
cemis, Fig. 107). 
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Even on leaves a local formation of cork occasionally occurs ' 
(Eucalyptus y Fig. 128, *). 

The physiological function of cork is to protect the tissues 
lying beneath it from too great evaporation and from mechani- 
cal injury. The former function is presented in a very striking 
manner by the potato, in which the cork layers, from five to ten 
in number, cause the succulence of the entire inner tissue to be 
retained for a long time undiminished. 

On wounds, the so-called wound cork is frequently formed 
(Fig. 109, a). This produces, in the same manner as the 
thyllcB ' and the gum which incloses the vessels, a separation of 
the inner, uninjured tissues from the wounds.' 

2. The Mechanical System, 

Leaving out of consideration the lower plants, we find that 
all the higher plants which concern us are provided with 
peculiarly formed and characteristically arranged cells, the ex> 
elusive function of which, as Schwendener* has shown, is to 
impart to the plant the necessary solidity. While in young and 
still growing organs the collenchyma * (Fig. 109 £, 129 coll) 
represents the mechanical system, in older and matured organs 
this function is assumed by the bast-cells^ or stereids ' (Figs. 
110, 111). 

The bast-cells, or the specifically mechanical elements of the 
matured plant, form very elongated cells, which are pointed at 

1 BachnianD, '*KorkwucheruDgen auf den Bl&ttem," Pring8heim*s 
Jahrb., xii., 1880. 

•Sachs, **Lehrbuch der Botanik," iv. (1874), pp. 27, 782. Weiss, 
** Anatomie," 21. 

* With regard to the lenticels, see the chapter on the Aerating System. 
4 << Das mechanische Prinzipim anatomischen Baue der Monocotylen.'^ 

Leipzig, 1874. 

'Ambronn, '< Ueber die Entwickelungsgescbichte und die mechani- 
schen Eigenschaften des Collenchyms.'* Pringsheim's Jahrb., xii. E. 
Qiltay, **Het Ck)llenchym,'* Inaugural dissertation, Leyden, 1882. 

* The tissue of bast-cells may be termed atereom. (The pleurenchyma 
of Meyen.) 



1 ends, provided with oblique pores (Fig. 110). often thick- 




Fu>. 10E> n.— Trausv^rBp swttontbrougb a fniltof Ilie I'aniirn, vbich. b«roru SepAra- 
Uon rrom the plant, bod become Injured at the poiot li~b by tbe piini7ture o( an liuect. 
ami the wounil closed hy wouud-cort, a-a; g, vanciilar bumllea iTschirchl. Compare 
Ftusrm. Ztit.. 188*. Vo. 22. 
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ened to the exteut of the disappearance of the lumen or cavity J 
ami contaiu air. They possesa a supporting capacity wliich iil 
almost equal to that of wrought- iron, and a tenfold greater! 
ductility than the lutter, and are therefore in themaelrea ad-F 
mirably adapted for the mechanical purposes of the plant,! 




Lbmne uid obUqwfl 



Fio. 110. 

Fid. 110,— TTplol bundle nl ban-cells, at a Ir 
BecUon ; e. BEcllon ot a bast-cell. ahowliiK the etripltig o 
pItH tTBchircli). 

Fio. 111.— Boat-cella of ConAorui oUtoritu iJ«le]. wltli a hunea or central ca*lt]' ot 
vaiTlae widtli. at the top In traoBTerae, and below lo lougitudioal wcUod {.Tscblrob). 

Moreover, they are always united to form structnree which are 
in nowise inferior to the best constructions of our engineers,' 
' With regard to the flrmuets of baft-celts, compare Schweodenei 
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*In the tnonocotyledonB the bundles of bast-cella surround the 
vasculur bundles, either in a Biekle-like manner (as iu the st«m 
of the maize. Fig. 133), or lie embedded in the remaining 
tissue, sometimes iu the inner portion and sometimes in the 
onter, hs isolated bands, rings or bundles, according to their 
function, or they surround the outer side as a connected coat ' 




Fio l]i..-TrBiu<eme HCtEon throuKh on involuta \rat ot Ibv Alfa grait or Eiparlo 
iUwriKhloa ieaaei—lnta). a,but-eeU coMlnKotUieoulpr lumlHr) idde: <i, aHimilUiag 
ttaue: f. prtomc ol Uiti upper Bide ; b, balra (Tachlrch). Com pare PAarm. Zed,, ISB^ 
So. aa. 

principal work; furthermore, Tb. t. Weinnierl, "BsitrAge aur Lehre 
von der FestigkeiC und Elasttclt&C vegetabilischer Gewebe." Sitzungs- 
berichta der k. Akademie der WiBS«nBch., .Vienna. 1877, Voi. 76. F. 
Lucas, " Beitr&ge zur Kenntniss der aliaoluten Festigkeit von Pdanzen- 

geweben." Si tzungsberichte der Wiener Akademie, 1882, Vol. 85, and 
1883. Vol. 87. 

> In Home of these cases (especiallj iit the prairie grasses], they serve 
in the mecb&nism which causes the involution of leaves (Techircb, 
Pringsh. Jahrb. , xli. ). In the dehiscence of fruits, and the phenomena 
of toraion of many awns, mechanical cells are also concerned [Stein- 
brinck. Inaugural dissertation. 1873, and " Berichte der DeutHch. Bot. 
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The great mechanical service which the bast-cella are capable 
«( waH also recoguized at an early period. The application of 
the bast-fibres of hemp and of Jtax (Fig. 113) for fabrics ie a 
very ancient one. 

The textile fibres which are practically employed may be 
grouped in the following manner (compare Fig, 114): 

^^^ 1. Animal fibres; («) hairs, Wool (W): (A) threads. Silk (S). 

^^^^2. Vegetable fibres: 

^^^^H (a) hairs. Cotton (B). 

^^H (b) bast-cells, Flax (L); Ifemp (H); Ju/e{J); Esparto; 

^^^B^ Manilla-hemp. ' 

^^^1 In addition to the bast-fihres, the libriform cells of the 

^^^^rood also assume, especially in the older stems of dicotyledons. 




■e blsM; mitgntaeiL 



a mechanical function. The bast-cells which occur in the bark 
of dicotyledons (hemp, jtax. Fig. 113, the linden) are only of 
aenrioe iu imparting strength of flexure to the stem aa long as 
the wood itself has not yet acquired sufficient strength. 

In accordance with the various mechuuical demands made of 
e plant, the structures in which the mechiinical elements are 

'Compare Mpedallj Wiesner. "Die RohstoCFe ilea PHanzenreiches." 
Leipzig, 1878. Reisaek, " Die Faaergewebe des Leines, Hanfes, der 
Nwsel und Baumipolle." Etenkaclir. d. Wiener Abad., 1853. Berthold, 
" Ueberdje mikroskopischenMerkoialecler wichtigBtenPflanzeDfaBerQ," 
Zeitschr. t. Wnareiikuade, 1883, No. 3; 4. Dorkoupil, " tlaterialien zu 
I Lehrbuch dvr cliemischen Techaologie fQr Oewerbescliulen." 
JaiircBber. d. Gewerbeschule Bistritz, 1983. 
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united are also very manifold. We may thua disttnguieh etrnc- 
tureB intended to protect the organs of the plant from the in- 
fluence of bending, preasnre, traction, or laceration at the 
edges or margins (for instance, of leaves). 

The 8tone<cell8 (sclcroTds,' compare alBO pages 156 and 171), 
as one of us (T.) has shown, also possess Tarioite mechanical 
functions. In seeds which do not posses a thick -trailed en- 
dosperm, thei-e IB found, for example, a hard endocarp, conrast- 
ing of stone-cells (Figs. 115. 87). This often consiats of rery 




no. IIB.— TrsnHKTue section Ihrouuli n tm-lenf, with Ihe cbBrBcteriBtic. b 
■cktvncbjiua crila. The paJJ&ade-psreDchrma. vlilcb it richar in chlonq>b)rU. H o( 
s darker color. At Che riglit of Ibe %un! are Klereliln, laolated by nuceratloo 

(TKhln^). 

Tariously adjusted rows of cells, and can therefore also endure 
strong pressure and great expansion or straining (as by gei-minn- 1 
tion) without becoming ruptured. The function of the | 
sclereids, which are so chai-acteristic of tm-leaves (Fig. 116 *), u 

> Tbe liSBue of stone-cells, in accordaniM with Hetteoiua, may be I 
trrnied tdereTtchymit (see pogea 158 and ITS). Compere TschirGh. I 
" B«'itrAge zur Kennltiiis des mechan. Qewebeajslems." Pringshelm^ I 
Jahrb., 1885. 

" In youDg lea-leares, however, these aatrosclerelda ai^e wanting. 



STONE-CELLS. 



doubtful, Occaeionally tho stone-cells contain crjstala (Fig. 
102) or other aubstances. 



A 
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The fanction of the isolated baat-cellB and Btone-cellB, for 
example ia the dnehona barka (Figs. 117, 145), in the Point- 
^rano/e-roo^ (Berg's "AtlEiB," plate XL.), Aconite root {Vig, 121), 
Simaruba, Coto bark (Fig. 118), Cort. Ouataci (Fig. 105), 
Stipites Dulcamara (Fig. 144), and Oak-bark is also still in 
doubt. Such cells, however, by the form of their transrerse sec- 
tions and their arrangement, present very nseful points of dis- 
crimination in the charaoteristios of many drugs {Cinchona '). 




Pio. lis.— TraiHTerae section of b rooUi* of Rhtntna VeratH. cc, epiblema (p. 177); 
n, fundamental Ubbuf, onl; pully represented lutbednwiugiA, needl^ahapedcryMala: 
Ue, Ducleio-aheatb. 

The nncleuB sheath, vascular-bundle sheath or protective 
sheath (endodermis '), which occurs in the root formations of 

■ CompAre also ia this connectiou, Kocb, '' Beitrftse tax Anatomie 
der OattuDg CiochoDa," 8vo, pp. 86, 2 plates. Freiburg disaertation, 
1864, eapeciallf page 20. 

* EvioY within, and Ac'/i^o: skin. Compare Schendener, " DieSchuU- 
Bcheiden und ihre Verst4rkuDgen," Abbandl. der Berliner Akademie, 
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KUlar cryptogams, of monocotyledons and Bome dicotjledoDB,' 




Pio. 190.— Traniverae secUons through root 
ammtal tinue; e, phloSmi e. Inner bark; k, 
™j»; V, xy\em. 

' Cumpare C, van WiBselingh, "De Kernsoheede bij de worteta der 
Fhanerogameu," AmBterdaiD, J. MQIIer, lBd4. (From: "YenUgen 




PLANT ANATOMY, 




IXl.-BootleU ot Aco«ilum NapeUui 
1 Id s mdlal direction; r. epihlemi; m, fundimenli 
9; p, vOBculu' bUDdleii; i, ijlem: >, phlaim. 



en Mededeetiagen der k. Academie van WeteuBchappen," Afdeeling 
Natuurkunde, 8de Ii««ks. Deel i.. pages 141 to ITH. with 1 plaM). 
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and likewise posseeses mechanical functions, is also to be con- 
sidered here. lu these organs, namely, or at least in those caaes 
which more nearly concern ns, all the bundles, or a predomi- 
nating number of them, are inclosed by a single row of cells 
• {Stirsaparilhr). or, by a layer, the endodermis, which is seen to 




epJIilenu; I 



be narrow on a transverse section and consists of but u few cells 
{Oalaiiga). All the vascular bundles are located within the en- 
dodermis, for instance, in Radix SarsapariUiv, Wiizoma Carieia, 
in the rootlets of Aelaa spicaia (Fig. 120), Aconitum (Fig. 131). 
HtUeiorug (Fig. 123), Serpeniaria, Valeriana, and Veratrum 
(Fig. 119). On the other hand, in Rkizoma Calami, Rkiz. 
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Graminis, Bhiz. In'die, Rkiz. Curcuma, Oalanga, Zedoaria 
and Zingiberis the f andam«ntftl tiaaae outside of the sheath also 
containe iaolated bundles. 

The endodermta, for example in Sarsaparilla, is composed 
of prismatic cells, f^reatlj elongated in the direction of the aiis 




(Fig. 123), forming a tube or sheath, located centrally in the 
fundamental tissue, and containing within it the bundles. In 
some varieties of Sarsaparilla, as also in Rhizoma Oraminis, the 
bundles are crowded against the sheath in the form of a compact 
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pcle, in other caseB they aredispersed, aaiathecaBe in Rhiioma 
Verairi and Rhizoma Caricit, or to a Btill greater extent in Tuler 
I Aconiti, or bat a single ceutrul bundle is present, as in the root- 

I|etB of Veralrum. 
U The cells of the sheath are not always elongated, but often 




I PW. 1»(,— Tmnsven 



■ecUon thtougti tt 



le endodennis of Vrra-Cria SartaparitJa, 

nearly cubical or only slightly extended. They are also often 
thin-walled, contain starch, and are then called atarch-layer or 
tiarch-»healh. 




inga; /, 



The walls of the endodermis which are directed toward the 
axis are usually thickened; in the lateral walla this ia also 
sometimes the cose, so that the lumen or cavity, for instance in 
the Vera Crua Sarsaparilla (Fig. 124), becomes very much con- 
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tracted. The transverse sections of these cells of the nuclens- 
sheath therefore appear differently, according to the thickness of 
the thickened layers, and thereby afford serviceable characteris- 
tics for the recognition of the several varieties of a drug.* 

While the nucleus-sheaths in most of the examples that have 
been cited are built up of a single row of uniform cells, the 
root-stocks of the Ziugiberaceae deviate considerably in this 
respect. Indeed, the endodermis of the rhizomes of Curcuma, 
Oalanga, Zedoaria, and Zingiber is composed of several rows of 
cells ' (Fig. 125). 

3. The Absorbing System. 

The absorption of inorganic salts from the soil is effected by 
the aid of the roots and especially by means of the root-hairs. 
The latter, which are true trichomes, by forming manifold pro- 
tuberances, become most intimately attached by their growth 
to the particles of the soil. 

Root-hairs are found on but few oflBcinal roots (for instance, 
SarsapariUa, Fig. 126). In most cases they are broken off in 
the j)roce8s of unearthing them, or they may have been already 
absent at the time of collection, since the formation of root- 
hairs only takes place in definite and young parts of the root. 

For the absorption of organic nourishment, the phanerogamous 
parasites penetrate the host-plant by means of the so-called 
haustoria (as in the case of Cuscuta). To these haustoria cor- 
respond the surfaces of the cells lying close to the endosperm, 
which consist mostly of palisade-shaped cells with protuberances 
resembling root-hairs, and which are especially met with on the 
scutellum of the Graminese. They serve for imbibing the re- 
serve substances. 

In order to convey nourishment to the embryo during germina- 

> Compare Schleiden, "Beitr&^e zur Kenntniss der SarsapariUa.'' 
Archiv der Pharm., 1847. Arthur Meyer, Ibid,, 218 (1881), p. 280 e^ «eg. 
Berg's ** Atlas," Plate iv. Fiackiger, " Pharmakognosie," p. 295. 

• Ck>mpare Arthur Meyer, Archiv der Pharm., 218 (1881), p. 419. 
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tion, a longitudinal cleft is also occasionallr found in ^tlie en- 
dosperm {Strychnos Nux vomica, Coffea '). 




^ (>plblrriui: p. h>ira; 



4. The Aa»imihitl}>ij Hysiem. 

The assimilating tinsiie serves pnnuirily for the formation of 
organic substance from carbonic acid and Wiitcr under the in- 
fluence of light, to wbieh procedure the name of flssimtUtion 
has been given. This tissue is filled with chlorophyll granules 
(compare page 100), and its cells possess forms which tend, as 
far as possible, to the transmission of light on all sides, and the 
rapid removal of the products of assimilation.' 

' J&ger, " Endosperm der Coffea." Bot. ZeJt., 1B81, p. KM. 

* Compare in this connection Ilaberlandt, In PringsliE'ini'a Jehrb., 
siii. (1881). 
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The surface of the leaf which is chiefly exposed to the lighfcl 
beconiea the asBiniilatiiigsiile. With bifacial ' leaTes, that is, Encb'1 
ae are fliitljr expanded, and the upper und under surface of which 1 
is differently developed (as in the heart-shaped Fol, Eucalypti^ 
Figs. 3 b, 127, 129, Lachica Sativii), this is the upper sorCace; j 
vith centric leaves, that is, etich as are placed vertically, and hothl 
sides of which are equally constructed {Pol. Evcalypti, sabr^a 
shaped. Figs. 2 a, 128, Lactuca Scariola), it is both aides. 

The cells of the assimilating side, which is alwaj*8 of a darlceT'J 
green color, are replete with numerous chlorophyll grannies, f 
located along the walls, and are extended inapalieade-likeman-fl 




ner more or less perpendicular to the vertical axis of the leaf 
(Figs. 96 5, 127, 128, 1%^ pal, palisade ' parenchyma). 

The special development of palisade parenchyma remains un-j 
affected only in typical shade-plants.' On the other band, 
all centrically constructed leaves, both sides are provided wi1 

' £t«, twofold, and/aciM, aide. 

' From tbe Frennli word pfiliasade, and this from the Latin msBCulJo* 
paluB (not pallus 1], therefore not pallisade, SB it is often incorrectly 
written. (Tiiis applies more eBpeciaJly to tlie German orthography, 
F. B. P.) 

' aiobularia Algpum L. and other Gpeciee present a notable examplsi 
IS leaf tiBBUe without a palisade layer. 



■af ^H 

1 
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B cells (Fig. 128). The aesitnilating surface is often in- 
creased by a falling off af ilie membrane (as in the necdle-Ehaped 
leaves of the Conifene). In order to be able to take up the 
products which are formed and to conduct them rapidly, the 
palisade cells ore now and then located upon f nnnel-shaped col- 
lecting cells, which are in connection with the proper cellu- 
lar tbreuds (vascular bundles); the latter rnnniug into the 
nerves of the leaves as a much branched radiating system, with 
extremely fine terminations (Fig. 130). 






brou^h a nalirv-eliaped teentric 


\nt ot Em 


MlffpfW 


. oU-spufw, with dro 


psof oil; a}b. vascular buniUe; 


e, stomau: 


, corky 



The under side of the leaf, which is always of a lighter green 
color, contains much less chlorophyll than the upper side, and 
is traversed by wide air-canals (spongy parenchyma, leaf- 
merenchyma. Fig. 129 sch). 

The entire interior of the leaf, with the exception of the 
vascular bundles, which is inclosed by the two epidermal sides, 
ifl termed the mesophyll.' 

' Mi6ai in the middle, ipvXKay leaf. 
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^ i If M } r a ulsj Lemuire (see page 51), have titiliiod 
Auatn 3cl e CI arakCtr silk ofiicineller BUtler mid Krdiiler." 
Abl a dl dpr alorfo a 1 enden Gea., Halle, xv. (1882). 
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t anatouiy of leaves, especially tlie epidermis and the tri- 
komes, for the purposes of diagnosie. 

5. The Conducliiig Si/stem. 
a a leaf of the plantain {Plaiitago) is torn off or a mahe 
is broken, there project from the f ractared surface numerons 

e threads. If the fibrous, fractured place is evenly cut with a 
sharp knife, it may be seen, even with the unaided eye, that 
there tB a large number of compact, isolated dota imbedded in 
a more delicate tissue. If the maize stem is exposed to decay, 
only a bundle of very long, fibrous threads finally remains, aur- 
ronndered by a delicate membrane, the cuticle. Tliese threads, 
aa is shown by an aaatomical comparison, correspond to the 
dots upon the transverse section. The threads are termed 
fibro-vascular' bundles, vascular bundles, or conducting bundles. 
As is already evident from their considerable length, they 
sen-e primarly for the conduction of substanftcs, chielly in the 
longitadinal direction of the organ. 

The same extended threads wo meet with in the maize leaf. 
If the latter (or any elongated leaf of a raonocotyledouous 
plant which may be chosen) ia held toward the light, a largo 
number of nearly parallel, lighter colored threads (nerves) may 
be seen in the green tissue. 

The nerves do not appear so regular in a dicotyledonous leaf. 
Here they are variously branche<l, anastomose with each other, 
and form a delicate network of fine lines. This is rendered 
prominent, in su especially handsome manner, when leaves like 
those of Digitalis (Fig. 130), Datura or Matico are rendered 
transparent by long maceration in alcohol -(of about the speciSc 
gravity 0.900), or when freed by decay from the parenchymatous 
fundamental tissue' (Ettingshausen's leaf-skeleton). 

That which applies to the leaf and stem le also applicable to 
the roots. Upon a transverse section of JiUizoma Filicis, for 
example, may be observed a double circle of such threads 

Fibra, fibre, fibre-aliaped cell, and va», veSHel, 
FUDdamental tissue in tbe sense uxplaiaed on page HQ. 
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romoved. If Bncli a root-atock be placed in a liquid prepared 
from decomposed meat, after a short time the parenchyma will 
be destroyed, and, after washing away the remnants of the 
same, the far more resistant threadaalooe remain behind. These 
do not run parallel in tbis case, but are variously intertwined 
(Fig. 132). 

in the root-stocks of the Zingiberacete and in Rhizoma 
Caricia there are numerous isolated bundles distributed 
through the fnndamental tissue; in Sarsaparilla and in Rhizoma 
Qramini» they are brougbt together in the form of a ring 
(Tasoular-bnndl» ring). Differently constructed from these (see 
below), but similar in their entirety, are the vasculaj' bundles 
in dicotyledonous roots, as likewise in the dicotyledonous stem, 
which nnite to form a continuous "ring," Dicotyledonous 
roota often posaeM only a central, asial bundle (Ipecacuanha, 
Taraxacum, Leuialicum, rootlets of Arnica, Valerian, and 
Helleborus ; compare also the Figures 119, 120, 122). 

But we meet these bundles also elsewhere on every hand. The 
fruit-pnlp of tamarinds is traversed by such coarse, string-like, 
vascular bundles, and the shell of the almond is covered with 
them. They occur in the arillus of the Myrislica {Mads), as well 
as in the raericarps of the UmbcUiferw, in the calyx of the clave, 
as well as in the stigma ot the Crocus — everywhere forming 
long thrcadtt, which serve for conveying and for conducting 
away organic and inorganic building material. 

The elomoutaof the vascular bundles are so constructed that the 
impediments to movement are restricted to a minimum. The 
transverse walls are greatly reduced, often lacking altogether at 
wide intervals, or, when present, provided with pores ' (vessels), 
or even pierced with holes (sieve-tubes), thus having the dif- 
fusing surfaces greatly enlarged. 

Uf what elements is such a vascaUr baodle or condactlDg 

'The term pores, or pits, ia applied to all those thin places ot the 
membrane which are still closed onlf by the middle lamella, Bj age 
the pita oocaaionalij become actual perfomtiunB (aa in the wood or tho 
Coni/ene); compare page 153. 
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bundle' composed ? lu the first place, it is necessary to exclude 
therefrom any bast-cells (Fig. 133), which are, however, not at I 
all regularly united therewith even in the monocotyledons.' So ] 
long as it waa not yet known that the bast-borders of the VOB- i 
cular handles perform exclusively mechanical functions, they I 
could be considered, and quite properly so, from pnrely anatomi- | 




Fia. 13S,— TraDBvenv nrcMou througb Btvllitterni bundle of Ihe mnitrttem (alonoiMiljr- 
InliHiDua t^pe), a, imier; t. biner; p. tuDdameatal Uiwii?: r. wiDuUr vmacl: m. spiral ' 
vcBBd; f/, pICifd vesBel; f, iut^rcelliilar Bpaus (OQQtAfiilDg air); .c. woodMwIlB; r, pfaloAia* 
The entire bundle is mrroundeil by a Hheittli ot baet-aeUn (Bactm). 

Fio. lU.—Splrkls capable of uneolltiig and umnUr vecael from BuUnu Scilla Oongi- 



cal reasons, as belonging to the latter. Sinoeitiaknown, however, 
that all hast-cella only serve to impart firmness to the plant, 

' With regard to the structure of the vascular bundles, wliicb can 
only be briefly mentioned here, compare De Bary, " Anatomie," p, 828 

< The bast border of the cribrose or sieve portion has been termed bant, 
that of the vascular poniou, libriform. Compare the table od page 217. 




I 
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I and hare nothing to do with the conduction of subetauccs, tliey 

[ijnaet also be Bepamted from the conducting threade or bnndlee. 

A typical vaaeular bundle (Fig. 133) consists accordingly only 

I. at the vascular portion {¥ig. 133, z r s ff, xylem' in part) and 

I the cribrose or sieve portion (Fig, 133, r, phloem' in part). If 

['the terms, z.vlem and phloem, are so compmbended that the 

bast and libriform cells are not regarded as neceBsary coostita- 

enta of it, the "term sieveportion " is eynonjmoua with that 

of phloem, and " vascular portion " with that of xylem." 

The vascular portiou consieta of vessels, irachetds, and 
wood-jm renchyma. 

The TesselB {'/"((cAeffi) are very long tubes, which often traverse 
aninterruptedly the entire plant organ, and the walls of which, 
in consequence of unequal growth in thickness, are Tariously 
I'tbiclcened (annular vesaela, Fig, 134, 133 r, spiral veaaele. Fig. 
I 184, 133 8, trabecular and scalariform veaaela. Fig. 135 /r, 133 
X.g, 142, pitted vessels). They are formed by the disappearance 
; of the transverse wiilla iu a row of cells (fusion of cells). In 
[.coniferous wood, the vessels, as a rule, are wanting {Lignum 
yjuniperi). 



' SuAoi* wood. 

* #AoIof bark of a tree. 

'For the sake ot clearneEa thea 



' terms may be arranged ii 

Bant-cells 1 
(ineclitmical 
elementB) 



Sieve-ttlbeB ani; 
Lalticei! cells 
Cambiforni 



I Veaeels and 

Wood parenchyma I 

Libriform 
(mechanical 

elemeotB) J 
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The tracheidfi (wood-celle) are prosenchymatoiia and likewise 
elongated cells, but these are far from attaining the length of the 
vessels. Their walla are mostly pitted. In coniferous wood, 
which, as a rule, consists only of tracheids, areolated or bordered 
pits occur (Figs. 64, 72, 136). 

The last terminations of the nerves in leaves consiBt only of 
tracheids. The veasels and tmcheidsconvey air and water; they 
form the condncting system for water and the inorganic nutri- 
ment. 

The wood-parencbyniB is not necessarily present, but is de- 




(Berg). 

veloped in many cases. In coutradistiuctiou to the proseuchy- 
matous, tracheal tissue, the former consists of thin-walled cells, 
which are connected with the neighboring vessels and cells of the 
medullary rays by means of pores, and nre filled with various 
substances (protoplasm, starch, oxalate and tannin). Tho wood- 
parenchyma serves for conducting the carbohydrates and for the 
storage of starch, and either trarerses the vascular portion in 
the form of more or less isolated cells or occurs in the form of 
bauds {Lignum Cttmj'erhianum, FerHanibnci, Ouaiaci, San- 
ilali). 



WOOD-PA R£NCH TU A. 



The very dense wood of Lignum Quassice (Fig. 137) contiiins 
groups of iiarenehyma (jr^, which run transverely in the form of 
bands from one mcdnllary ray to the other, and intereeot the 




Tia. IH.— Sclienutlc reprtWBD'Atlnii of s lun^tudlnal seci 
conlfennss wood, with the differKnt formii of pltCiBK of tl 
trsnBieiwlT and ttom Che surface tHartlifi. 

Fia. IST.— TrauaverHi- itecU'jti Uiroiigli Lignum Quauiif jamaicentt: the mediiUair 
rara, which fcrm two or three row« of oEltstrl, are conhccted h;- iraiuverH baiulB ot 
waad-piu«iicb7ia» Ipi : lietweea them is the librironu tlSBUe. 

wood in the form of numerous, closely arranged concentric 
rings.' By their wider and not thickened cells they present a 
' Compare also Berg's " Atlas," plate xxtH., Fig. 65 {Lignum Cam- 
petJnanum), plate uTii,, Fig. 64 (Ltgn. Ouaiaci). 
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very sharp contrast to the zones which surround the large ves- 
sels, so that the varieties of wood just mentioned and others 
derived from tropical trees appear as if they had annual rings. 
A transverse section, however, soon teaches that these bands of 
parenchyma do not form connected rings, and that they also differ 
in other respects essentially from the annual rings. A longitudinal 
section shows still more distinctly that they consist of parenchy- 
matous tissue. They are designated as apparent rings. » 

Such groups of wood-parenchyma never occur in the vascular 
portions of monocotyledons and in the young wood of dicotyle- 
dons, but they are not rare in the older wood, the general struc- 
ture of which may here be considered. 

The most marked distinction between the monocotyledonous 
and the dicotyledonous stem depends upon the development of 
a cambium in the latter (Figs. 129, 138). 

The cambium (cambium ring, thickening ring) belongs to 
the formative tissues, and effects by its activity the growth in 
thickness. Consequently, where a cambium is wanting, as in 
the monocotyledons, a (secondary) growth in thickness is also 
excluded. The stems, therefore, remain slender and thin (Palms, 
Bambusa^), The isolated bundles found in monocotyledons 
become initially formed as such already at the growing point, 
and no merismatic layer is maintained between the vascular and 
sieve portions (compare Fig. 133). 

It is otherwise with the dicotyledons and the gymnosperms. 
Here there appears between the interior, vascular portion, and 
the exterior, sieve portion, a layer consisting of very thin- walled,* 

1 The fine transverse undulations or horizontal stripings which are 
observed upon tangential sections of many woods {Picrasma exceUa, 
Pterocarpus santalinus, Ouaiacunit Ccesalpinia, Diospyros, and others) 
proceed, according lo Von Hohnel (Bericfited, deutsch, bat, Oes,, ii., 8), 
from the horizontal rows of equally large medullary rays or from a trabec- 
ular arrangement of the pits of the trachelds (TamariTidns), or from both 
causes at the same time. 

^ Only some tree-like LiliaceaB {AM, Draccena, Yucca) possess a sec- 
ondary growth in thickness. 

' In drugs the cambium cells are, therefore, either torn, or at least 
greatly distorted and bent. Upon a transverse section of the stems and 
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rtabular cells, rich in protoplasm, which are in a state of active, 

tangeutial diviaion. By the activity of this layer veeseb are 

separated on the inner side and sieve elements on the outer (Fig. 

138). 

Since this activity is not manifested throughout the entire 

»r with the same degree of jiroductiveness, but is moi'e ener- 

f~g6tie in the spring than in autumn, the clemeuts of the spring 
wood are more numerous than those of the autumn wood.' 
Since in winter the activity of the cambium ceases completely, 
it follows that the large spring cells mnst directly follow 
apon the narrow autumn cells. There is hereby produced, upon 



^wmmm 





ty ; 2. Hie cell has become 
Ill4 



tH^Iure 

rtlaUf eiteTHleri. and 13) dirliled: 

' la again tacWmlvd. while thr 

mblum-cell b; repealed langentlkl 

While the flm-tormed lylem cell 

B^aln eiteDdisd (6), again Ktaa^a. 



rongl}- ihicken 






Xflem (¥11 bSB alreiul; bcuume thjukeneil. 

separated a pblMi 
(f'l Lecomes further Ihickeoed. the earn 
ilal voll appears Mitbin it. and the aeco 
■BL-ond phliwni crll iji') iH xeparoteil. Tbe former becoi 
Utter retiuUu tliiu-walled iTscbircb). 



le section, a visible delineation of rings, for the most part 
acentric, which are designated by the name of annual ringx 

roota of dicotyledons, the cambium zone frequently appears as a circular 
line, diatinguished by a darker color (iladu! Otycyrrhizce, Had. Calum- 
ba, Rliie, RKei, Stipiteg Dukaiiiara). 

' That the cells become narrower and BtnaJler totrard autumn, does 
not proceed (as SacliB, De Vries, and others have stated) from an iu- 
«r«ased presBure of the bark in autumn. 



m 
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(Fig. 180 jjr). In the case of dicotyledonous foliage trees, tbe 
diBtinction between autumn and spring wood is also further in 
creased by the fact tliat the latter ib mncb richer in Tessels.' 
(Fig.78jp/J. 
The Bo-called wood-ring of dicotyledonous stems is produced 




Fia. ISO.— Ubriform rrom Qua—ia vmttd. 

by the confluence of isolated vascular bundles, in their vascular 
ae well as in their sieve portions, through the activity of an 
(intrafaBcicular) cambium, the bundles being originally formed 
in a loose circle. 

' Berg's " AtUs," plate xxv., 60, and plate v., 91. 



MEDULIAKY HAV 



The e 



e elementary organs of the icooil,' as the vascular portion 
of stems may be briefly termed, are as follows: the fesaets and 
iraclmds, or tubes conveying water, tlia •wood-purenchyma cells, 
■which serve for conducting the carbo-hydrates, and the libriform 
cells, or the specificfally mechanical elements of the wood. Be- 
sides these, the wood is traversed in a radial direction by the 
medullary rays. 

The first three forms of cells have already been considered. 

The libriform cells' (wood-cells, wood-fibres) are the bast- 
cells of the wood (Figs. 137, 139), and therefore, strictly con- 
sidered, belong to the mechanical system (seethe latter). They 
are of service, however, especially in the transitional forms, to the 
other elements of the wood, occasionally also for conductingand 
storing nutritive material, and are therefore sometimes provided 
with contents. They are prosenchymatons, thick-walled, 
provided with cleft-like, oblique pores, and are never as long 
as the true bast-cells. 

The DiedDllary rays (parenchyma rays) are aggregates of cells 
consisting of one or several rows, always built np of cells which 
are very much extended radially (Figs, ?8, 137, 144, 149). and 
which pass from the medulla through the cambium and the 
sieve portion, often penetrating deeply into the bark (Figs, lOO 
r, 118 m, 149, 137 r, 180, 181).' 

When the interior of stems is filled with fundamental tissue, 
the so-called vieduUa, it is thus, by means of these radiating 
lines of cells, placed in connection with the tissue of the outer 
bark, which is located on the periphery of the flbro-vascular 
bundles. These rows of cells are therefore very appropriately 
called medullary rays. Their development in a vertical direc- 
tion is governed by the number of rows of cells placed over each 

' The anatomy of the wood lias been diagnosticallj utilized by 
NSrdlitiger (" Anatotnieche Merkmale deutecher Wald- und Oarten- 
holEarten," Stuttgart, 1881). 

'Liber, bast, /omio, form. Compare Sanio, " Vergleichende Unter- 
Hucbungen Qber die Elementarorgane des HoIzkOrpeta," Bot. Zeit., 1863, 
101. 



• Compare al»o Berg's " Atlas," xxzvi, to xL, Figs. 8ft-94 r 
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Other in a compartment-like form. Very freqnently this nnm- 
ber is not conBiderable, so that the medullary ray, upon a traus* 




verse section, which is made vertical to it« surface of length (tan- 
gential to the surface of the stem), represents a cleft filled with 




FiQ, HI.— Medullary rjya 

A, Tani^ntlBl loDglUidlDal 
C. Tranaverae sefftior 



imrenchyma (Fig. 140). In hreudth the medullary rays some- 
times present bnt a single row of cells, as, for inBtan<;e, in LtgnMin 
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mperi (Fig. 141), L. Guaiaci, L. Quassia surinamensf,' 
Bometimes two or three rows, as in Liffn. Quassia jamaicente 
{Fig. 137), and Bometimes stiil more, as in rhubarb (Fig. 142). 
It follows from tin's that, on a transverse section, the fibro- 
Tascular bundles must appear either in radial rows, or separated 




Fio. 14S.— TugentEkl lon^tudlnal secEluD or Rhubarh. A. Pundamrutal tl 
tbe bark with five medullkry nja. whlcb are cut cnasTenely. U, Section (rom the 
X7icm portion, which Ib traTened,bT nelted resell <v| uE oouldanlila tiaa; i, rotede* 
at oialatB cryitali. 

from each other by large medullary raya. The tissue of tbe 
medullary rays, at least within tbe compass of tbe fibro-vascular 
' Berg's " Alias," plates i»v, to ixviii. 
15 
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syatem, coosiets altnost entirely of cubiciil or horizontally (radi- 
ally) extendpd (parellelopi pedal), thin-wallcd cpIU which are 
joined together in a wall-like form, without intervening spaces 




(Pig. 143). This regularity is lost at the place where the me- I 
dullary rays paaa into the bark. 




In the cambial zone, when the growth in thickness ia alrewljr I 



MKDULLARY 






ni portion or tha bark ot CfncAoiM* 
idiury tnaduUuy njt; g, BtoDe-ccllB; jv 
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quite advanced, medulhirj raj's of smaller size are often suite 
quontly developed, wbich are designated as, secondary medullary 
rays. They are met with frequently, for example in the CT* 
chonn barks (Fig. 145), and, according as they are located i 
the xylem or tho phloem, are termed secondary zylem (a 
medullary) raya, or bark rays. 

The great variety of special features in the atructare of ttu 




iC of Rktum Bhapontiet 

medullary raye affords very noteworthy and characteristic < 
tinctione for many drugs.* As against roots which have a d»-^ 
«idedly radiate structure (for instance, Had. Rhapontici, Fig. 
146 a), it may suffice here, for eiample, to refer to such which 

■ In the Cotiiferte, as Essner has shown ( Abhanill. d. trnturforaoh. 1 
Oes., Ralle, 183S), tbe number and height of th^t medullary raye, a 
aa the form and Biie o[ their cells, possess no diagnostical value. 
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)iav(^ no distinctly m&rked medullary rays, cither iu the wood 
or ill the bark {Radix Ipecacuanhcs and in Rail. Taraxaci). 

The medullary raya of rhubarb (Fig. 140 b), which onlyoc- 
enr regnlarly in the cortical portion, are vory characteristic 
with regard to their course and couteals. Within they are 
variously serpentine, and therefore, since they consist of cells 
with roddiah-yeilow contents, produce the peculiar spots on the 
surface of the peeled rhizome and the marbled appearance of 
the interior,' 

In those fihro-vuscular bundles where, by the formation of 
the bundles themselves, the activity of the canibiam is termi- 
nated already at the growing point, no medullary rays are 




ntfH o( Che marginal ponioDi i, M«llate 



formed; hence they are wanting in the monocotyledons and in 
the rascnlar cryptogams. 

Although, for example, the vascular bundles in a numl>er of 
moaocotyledonons roots arc closely connected with each other, 
And are arranged in the form of compact, closed rings (Rkit. 
Qraminis, Rhiz. Caricis, Rad. Sarsaparillts, and rootlets of 
Vtratrum), the medullary rays are nevertheless wanting in these 
ringfl. 

The ceUs of the medullary rays have the function of con- 
Inctiog in a radial direction. But they are also receptacles for 



' Berg's " Atlas," Plate x 
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reeerve eiibatancee. Stiirch ia, llierefore, often founti in thin 
especially in winttr (Qi'cnitsi. 




In older stems ami branchea, the heart-WOOd (duramen) and 

sap-wood (alburnum) may be distinguiBliud. The heart-wood. 




al mcir.' rerblf. (6) more blghljr 
;. Cbesame nase-n from tbe lurtRS 

'e-tubes (Hartig). 

which is mostly characterized by a darker color (logwood, 
wood, and other varietiea of dye-woods, Owainc), consists o( 
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older layers of wood, which are no longer vitally active, while 
the sap-wood is formed of the younger wood, which often com- 
prises but a few annual rings. 

Tlie second component of a Toeciilar bundle ie the sleT6 
portion' (phloum in part). This consists of sieve-tubes (with 
latticed cells) and cambiform celi3 ; Its elements never become 
ligniSed, which, on the contrary, occurs regularly with the ele- 
ments of the wood. 

The sieve tubes* are elongated, thin-walled cells, which 
correspond, in thetr entire structure, to the vessels (in the 
xylem) (Figs, 147, 148), They serve for conducting non-dif- 
fusible, albuminous substances, which they abundantly contain, 
and are, therefore, mostly divided by oblique, transverse plates, 
which appear pierced by nuitteroua holes (sieve-plates. Fig. 
148 a). 

The sieve-tubes are often accompanied by small latticed cells, 
which, from the manner of their development, belong to them. 

The cambiform cells are elongated, thin-walled cells, very 
rich in protoplasm, without pits, which are very similar in 
shape to the cambium cells, and conduct the more readily diffu- 
sible substances. 

Other parenchymatous elements besides those already men- 
tioned also participate in the conduction of substances, thus, 
particularly, the starch sheatlis and sugar slieatliSj which 
surround the vascular bundles. 

In the dicotyledons and gyranosperms, the medullary rays, as 
a rule, also intersect the sieve portion (bark rays or phloem 
rays); often, however, they remain imperceptible in the tissue 
of the bark {Radix IpecmuanktB).' I! they are distinctly 

' Also incorrectly te ruled "soft bnat." The term " bast" should rem aia 
conflniHl to the mechanical elements of bast-celts. 

• Wilhelin, "BeilrfigezurKeimtniaa dea Siebrohrenappttratea dicotyler 
Pflanzeo," Leipzig. 1880. Janczew^ki, " Yerj{leichende Unterauchungen 
Ober dieSiebrdhrea." Sitzungeber. d. Krakauer Akademie, .881. De 
Bary. " Anatoniie," |i. 179. 

'Arthur Meyer, Arehiv der Pharm., 221 (1883), p. 737. 
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visible, that portion of the bark > which is traversed by tbem 
is termed the inner dark (Fig. 144 i, 149 i); the portion toward 
the exterior which ia connected with it, and which mostly con- 




rauKb the bark ot an older stem □( Ceralonia Siliqiut 
. sclerelds: m. medullary rafH; tb, aleie-tutwa; i, Iniwr 
ir bark (Hoeller). 

sists of a mixture of parenchymatous cells containing chloro- 
phyll (bark parenchyma) and of mechanical cells (t»iBt-ceUs, 

' With regard to the structure of tlie bark, compare especially Hoeller. 
" Die Anatouiie der Baumrinden," Berlin, Sprioger, 1881. 
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stone-cells, eollenchyma), is termed the middle bark (green 
bark. Figs. 144 m, 149 m); and the epidermis (cork) the outer 
bark (Figs. 144 a, 149 a). 

Naturally, barks are found only in the dicotyledons and gym- 
nosperms. The name is used to designate the entire collection 
of cells located outside of the cambium. Nevertheless, in the 
case of monocotyledons the portion of tissue located outside of 
the nucleus-sheath is also, for the sake of convenience (but in- 
correctly) termed bark. 

In the middle bark, entire lines of cells are often found which 
are filled with crystals of oxalate. These frequently accompany 




Fio. 150.— Bast-fibres from Cinchona (China) Alba Payta^ with impressions of the 
neighbouring crystal cells. 

the bast-cells, and are occasionally in such close contact with the 
latter that depressions are produced. The crystal-cells appear 
indented into the bast-cells, as in ** Cinchona {China) alba"^ 
(Fig. 150) and in the bark of Aspidosperma Quebracho.* 

If the activity in the entire (cambial) thickening ring pro- 
gresses in a uniform ratio, then the separated elements of the 
wood and of the bark are arranged in strictly radial rows. 

In the wood, these rows mostly remain preserved (coniferous 



* FlUckiger, Neues Jahrbuch fGr Pharmacie, xxxvi. (1871), p. 293. 
« Hansen, •• Die Quebracho-Rinde." Berlin, 1880. 
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wood, logwood, red-wood) in consequence of the thickness of 
the walls of the cells and the absence of dislocating tensions. 
In the bark, however, especially at later periods, in consequence 
of the various dislocations, lacerations, and subsequent divisions 
of the cells, etc., they are seldom distinct (cinnamon). Even 
the bark rays have seldom (for instance, in the willow) a pre- 
cisely radial course (Cinchonas). Nevertheless, the radial rows 
of the elements of the bark may often be followed nearly to the 
epidermis. 

According to the manner in which the distribution of the 
vascular portion and the sieve portion takes place in the vascu- 
lar bundle, the following designations are employed. The bun- 
dle is spoken of as concentric when one of the two parts sur- 
rounds the other in a sheath-like manner, that is, either the 
sieve portion the vascular portion (Rhiz, Filicis, Fig. 135), or 
the vascular portion the sieve portion (Rhiz. Calami, Fig. 151, 
Rhiz. Iridis);^ as radial, when the vascular and sieve portions 
are located radially, one behind the other (the typical structure 
of the vascular bundles of roots. Figs. 120, 121); as collateral, 
when both parts run beside each other and are in contact later- 
ally (the typical structure of vascular bundles in the stem and 
leaves of phanerogams). 

In the leaf, the sieve portion always lies in a direction toward 
the lower surface, and the vascular portion always toward the 
upper surface (Fig. 129 g, sb). 

If, through the activity of the cambium, the formation of 
secondary wood takes place, the primary bundles, which had 
already previously been formed at the tip without the activity of 
the cambium, move more and more toward the interior; and in 
all those cases where they lie relatively widely separated from each 
other, they project /toward the medulla in a bow-like form and 
constitute the medullary-crown or medullarj sheath. 

The outermost layer of the fibro-vascular body of roots, which 
remains for a long time capable of development, or, in other 
words, in a parenchymatous condition, and in which the root- 
lets become formed, is termed the per icambium. 

* Compare Berg's ** Atlas," Plate xxi.. Fig. 51. 
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C. The storing System. 

e the plant doca not immediately consume all the sab- 

inces which it takes up or forms, Jt must possess some 
arrangemeut whereby these suhstauces may be stored for future 
use. The plant therefore develops reeeptacles for reserve 
snbstauces, in which it depoaits the building materials, Such 
reserve receptacles are the seeds,' fruits, rhizomesj tubes, bulbs 
and perennial roots; indeed, even the stem (especially the me- 
dullary rays)' can become a receptacle for reserve substances. 

The BubstaneeB deposited in these organs are mostly solid; 
readily soluble substances (sugar, dextrin) are avoided, as a 
rule, by the plant. In the sugar-beet, however, the sugar is a 
reserve substance. Theyare either carbohydrates (starch, inulin, 
cellulose, for instance in the Phftelephas seed), fats (oil) or 
albtiminous substances (gluten, aleurooe); but water also is 
stored for the germinating plant (bulbs),' or it is energeti- 
cally retained by the fully-developed plant (epidermal water- 
tissue). ' 

7. The Aerating System. 
a the development of plants, the interchange of gases plays 

1 important part. The plant consumes carbonic acid (and 
oxygen) from the atmosphere, and gives up to the hitter oxygen 
(and carbonic acid), as well as aqueous vapor. In order to render 
possible this interchange of gases, cavities in the tissue are 
necessary. These collect the gases, and the canals, which serve 
respectively for their eutrance and exit, convey them from with- 
out to the interior and inversely, 

For these reasons the plant is abundantly provided with 
Intercellular spaces (Figs. 129,*127), especially in those parts 

' The seeds have received appropriate anatomical treatment by Harz, 
'■ LandwirthBchaftlicIie Samenkunde," Berlin, 1885. 

' Malpighi, " Anatames plantarum idea " {1671), had already recog- 
nized llie medullary rajH hb reserve receplacles. 

' All bulbs {Btilbna Scilla) attract water abundantly, in consequenoe 
of the mucilBge and sugar which they contain. 

' Weeteruiaier. Priiigheim's Jahrb., xiv., 43. 
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iu which the proceBses of development are actively effected. 
While the cells of the epidermiB, of the canihiform, of the cam- 



IO/w>?n 





T luia ne wcClon thnngh the 



bium, and of the medullary rays are closely united to each other, 
without intervening spacea^tlie wood, the bark, and the tissue 




Fid. ISS.— Transvene Ki-tioii from the aRrcocaip of nvchu AirantierHm; Ih* | 

W^. bruicheil ixJia baviiiK uleTe-IJke pons at their pninU ot connection, for example, 
■t cr; g, branches of cells cut tninBvprsclj- 1 I'l, Imperfectly dcTClopeii, large oTatati of 
oxaUte. The doH«l plac« repreaent Ihe air-cuFitlBB; o, (Ibro-vaBcular bundle. 

of the leaf possesB an abundance of such, mostly triangular or 
quadrangular, intercellular cavities. Aquatic plants, especially 
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their immersed portions, also show very large and numerous 
intercellular spaces {Rhiz. Calami, Fig. 151, C'ltrex leaves, 
rhizomes of the Nymphaa, Carex arenaria and Graliala '). 
The intercellular spaces produced by the dial otegrat ion of cells, 
as a result of the tensions occurring through growth, may 
assume the most varied forms, and finally by far esceed the 
cells themselves in area. 

Excellent examples of this am afforded by the thickened 
margins of SUiqua dulcis, the more central tissue of Frudua 




•n through CaraoptivBitt, inDertinae; /, ItKMe, brsDCbed 
I, taileiTupled by \axfx alr-carjtlM; 1, d, flbro-casculor bundlea; c. eentral miro- 
iTular bundle. 



Aurantiorum (Fig. 152), the rhizome of Calamus and a portion 

of the inner tissue of the clore (Fig. 153). 

Finally, wide spaces containing air (air-cavities, lacunse) may 
also be {found between the tisaues, in consequence of the deli- 
cately-walled parenchymatous tissue, especially the medulla, 
not being able in its development to keep pace with the growth 
in thickness of the other tissues, so that the cells of the former 




Berg's " Atlas, "J plate xsii., Fig. 55. 
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gradually become destroyed. In this manner the hollow stems 
(Gramineee, Umbelliferse, Dulcamara) and roots (Rkiz. Grami- 
nis) are produced. Some of the air-cavities in many roots and 
leaves (aquatic grasseB) may also be so produced; at least shreds 
of the cell-membrane are often found on their margins. Lastly, 
there may alBO be mentioned the cavities which are formed in 
many drugs by the ultimate laceration either of Hues of cells of 
the medullary rays (Radix Bardana sen Lappa, Carlina) or of 




Fm. 164.— Surface view ot the epldennto o( a It 
epidermal cells; tp. Moma: Tif, oil ^lanilB {Keen t 
menthol m (Tschirch). Compare also FIk. I!9. 

the bark (especially of the bark-rays, Rad. Arnica, Fig. 182 b, 
R. Levislici, R. Pimpinella). 

It is, however, more especially the lower side of leaves which 
ia abundantly aerated (transpi rating tissue, Figs. 127, 129). 
Here are also chiefly found the canals of exit, the stomata, 
which are mostly located at the level of the epidermis or are 
only slightly depressed below the latter (Figs. 129 sp, 155), and 
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which establish a direct conuectioii of the intercellular spaceaof 
the inuer tissue with the atmosphere. Besides on leaves, 
eto mat a are also found on seed-vesBele, youngaKialorgan8(atems), 
aod CTen on the walls of the ovary, but never on roots. 

On leaves the stomata occur for the most part only on the 
lower surface (Figs, 137, 189), or the latter ia at least more 
abundantly provided with them than the upper surface. This 
applies, however, only to bifacial leaves, the centric leaves (see 
page 210) having stomata on both sides (Fig. 138), In the 
monocotyledons the stomata lie mostly in straight lines, the 
cleft having the same direction in all (Fig. loC); in the dicoty- 
ledons they are irregularly distributed (Pig. 154). 
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Their form and development ' is very varied. Plants occur- 
ring in dry climates have variously protected (depressed) atomatK 
(Figs. 63, 128). 

There are distiognished on the stoma (Fig. 155) the guard- 
ian colls (*), the central cleft (porus), and the eisodial {E), and 
opiathial opening* (o). Beneath the guardian cells there is 

' Weisa, Pringaheim's Jahrbflcher f. wisHenach. Botanih, iv., 1862, p. 
425. Slrasaburger, Ibid., v., plates 34-36. Tschircli, "Ueber einige 
£eziehungen dee anatom, Bauea der ABsimilatioiiBorgane zu Kljmaund 
Standort." Lincieea, 1881. In tlie latter the entire literature relating to 
the etomatft ia given up to the year 1881. 

* Compare Tschirch, loc. cit., p. 140. 
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always a more or less wide respiratory cavity (Figs. 155 A, 179 




FiOH. IliS. IS?, 1S8.— eiomala from dicotyledons and monocDtyleilODS on a nirface seo- 

a), and occasion ally, beside the guardian cells, peculiarly formed 
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luteral cells (Pig. 155 n). The uiimber of the stomatft varies 
eiceediogly. Upon a square millimeter of surface of a leaf 
from ten to eight hundred of them may be jireBent. 

The distributiou of the stomata, as also tho shape and eize of 
the epidermal cells, is employed by Bell ' aa a means of dia- 
tinguishing tea, elder, willow and sloe, or ilack-thorn teavea. 

The periderm, like the epidermis, is also occasionally traversed 
by open gas passages. These are the lenticels ' or bark-porea. 
They are mostly produced beneath the stomata, and, us they 
consist of roundish, euberized cells, they form small, sharply 
oircnmacribed corky protuberances, which assume on the older 
organs the function of the stomata, that is, they regulate the 
interchange of gases. For some barks the lenticels are charac- 
teristic (Rhamnus Frangula, Solanum Dulcamara). Such 
corky growths occur also upon leaves {Eucalyptus, Fig, 128 k. 
Dammar a).* 



. Receptacles for Excretions. 
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^^"During the change of matter incidental to the life of the 
plant, there are formed certain substances which, bo far as our 
knowledge extends, find no further application, and are therefore 
termed excretions.' 

They may either be produced in more or less peculiarly shaped 

l' cells or cellular passages (oil-cells, mucilage-cells, latex-tubes), 

' '■ Die Analyse der NaliruiiKamittel," i. (Berlin, 1882), p. 36. 

* Diminutive of the Latin lens, a lens, on account of their form. Re- 
gBtdiDg to the lenticels, campnre Slahl. Botan. Zell., 1873, No. 86. 
Klebaho. Ber. d. Deutsch. butan. Ges., 1883. and " Die RiudeDporen. 
Ein Beitrag sur Kenntniss dea Bimes und dur Function dur Lenticellen 
and der analogen Rindenbildungen," Jena, 1684, where tlie literature is 
also given. 

' Bacbroann, " Ueber Korkwucherungen au[ Bl&ttern," Priagsheim's 
Jftbrb., lii., p. 190. 

* Regarding the limitation of the terma excretion and Hecretion, 
compare the interesting investigation of Szyszylowicz. " Ueber die 
Sekretbeh Altered er fldchtigen Oele im Pflanzenreich." DeiikwDrdig- 
keiten derErakauer A.badeniie, 1880 (Bot. Centralbl., viii., I88I, p. SCO), 

IG 
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or socreted by special cells or aggregations of cells (organs of 
secretion) in intercellular spaoeB (oil passages) 

The volatile oils and the reams come primanly under cousid- 
eration here 




The latex-tubes were also formerly considered as receptacles 
for excretions, but it has recently been rendered probable, by 




hlsh 7 DUgnifled; ci 



the discovery of points of connection with the assimilating tissne, 
that they have some share in the transfer of substances, and 
that their contents are not true excretions, although of more or 
less importance in the process of development.' 
' In this place reference may also be made to the fact that the latex- 



^^^etertl 



OIL-CELLS. 243 

»«Tertheless the latox-tubea should be treated of in this plut/e. 

Oll-cells. A'olatile oil, in roundish or oval cells,' is fouml in 
clovf.9 (as much as 20 per cent), in cubebs {iia much as 13 per 
cent), in muce (up to 17 per cent, Figs. 85, 159, 160),' in the 
leaves and barks of the Lauraceae ' (Cinnamomum, Cauiphora, 
Fig. IGl), and in the rhizomes of the Zingiberaeeffi (Fig. 13o) ' 

I of Acorus C'alamitH (Pig. 151 a). Volatile oil, mixed with 
I 







ID through a Bub-epldemuil i 
num CafnpAoTYi; ^, epidermiKfc cubicle; cf . c 
W tlBBUir; !a. oQ-ceU; 6, drops at oil (TschirchX 



lek layer 



tubes are frequeotly connected anatomically- with other cooductinK 
organs, eapeciaUy with aieve-tubea, oa, for instance, in Had. TarcoMei 
(Figs. 104 and IdS). 

' All the cells diapersed through the fundamental tissue, and differing 
in shape or contents (atuue-cella, oil-, resin-, mucilage^ella, lotex-tubea 
etc.), are also designated in general by tlie name of idicMatU {trom 
iSioi peculiar. ^KaSioi, germ, organic structure). Heinicher (Ber. d. 
Deutach. bot. Oes., ii.) has also recently found in the Papaveracefe 
idioblasta containing albamen. 

* Tbeae examples may also be regarded at tlie same time as the masi- 
mum amouDts of volatile oil contained in plants. 

* Berg's " Atlas." Plate iixvi., Fig. 86. 

* Ibid., Plate xix. 
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other subsfcances (coniine), occurs in peculiarly shaped lines of 
cells in the fruit of the Conium, 

The volatile oil fills, or almost entirely fills, the individaal 
cells. The same applies to the mucilage of the mucilage-cells ' 
(see above), such as are met with, for example, in Rod. Atheea, 
in the Orchis tubers, in Cortex Cinnamomi, and in Cortex 
Ulmi, As a rule, the cells containing oil or mucilage are some- 
what larger than the cells of the surrounding tissue (OrcAw, 
Cort. Cinnamomi,'' Figs. 160, 161, 186 ch). 

As an example of the occurrence or absence of mucilage- 
cavities under special conditions of growth (and therefore by no 
means regularly) we may cite Laminaria hyperborea Foslie (Z. 
Cloustoni Edmonston).* 

In addition to volatile oil and mucilage, crystals,* tannin * and 
resin also occur as constituents of true secreting cells. Hohnel * 
has futhermore shown that kino,^ from the bark of Pterocarpus 
Marsupium Roxburgh, also occurs in extended (100-500 fi) 
cells or tubes, united to form long bundles, which are not su- 
berized. On the other hand, the oil-tubes of the Indian species 
of Andropogon (Andropogon Schcenanthus L. was examined), 
from which we obtain the fragrant volatile '* grass-oils, '' * are 
fiuberized. 

The previously mentioned glandular hairs^ the terminal 

« Berg's "Atlas," Plate xxiii., Fig. 57. 
» i Wd., Plate xxxvi., Fig. 86 m. 

* M. Foslie, " Ueber die Laminarien Norwegens " (Christiania Vidensk.- 
Selsk. Forhandl., 1884, No. 14), p. 47 of the reprint. 

* The true crystals of many plants (especially of monocotyledons), as 
T^ell as the cystoliths, are to be regarded as excretions. 

^ We place the tannic matters here under the excretions, although, like 
the constituents of the laticiferous juices, they probably still partici- 
pate in the processes involving the transmutation of matter. 

« ** Ueber die Art des Auftretens einiger vegetabilischer RohstofFe in 
den Stammpflanzen." Sitzungsberichte der Wiener Akademie, 89 (1884), 
JTanuary number. 

^ To what extent such special substances occurring in the plant are to 
be considered as excretions still remains undetermined. 

* FlGckiger, *' Pharmakognosie," p. 157. 
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cell of which coutuins a secretion, mnst likewise be classed hero. 
These glandular hairs are either tricliome formations {epidermal 
glands, glandular hairs, tufts, scales, compare Figs. 139 bd, 154,. 
96), and as such have already been treated of, or they are pro- 
duced by the protuberances of cells of the inner tissue, which 
border on intercellular spaces (root-stock of Afpidiuin FiUx 




under^rouDd stem o( jlipidfum /Vlfz 

A.— iDlsrocltulnr spue rrom th>! fouDgpr tlseue. In tho mlddlfl Bhowlng » gland, » 
•een (rom kbove and covered n-iIh'B green exudation. 

fi.— Longltudinil Bectlon throuitli awall^iwl] {ml, oF the [nterceUular ipace/ltrom 
wbleh the Ktand ys/l beglni to Rrow aa a proluberance. 

(7.— LooKicudlnal BBCtion ihrough'tlie mother-cell imi flUsd with stArch, fromtwhlcli 
the f land, wblcb la borae upoti a Htalk, projects as a daughUrr-L-^ll Ibto ttiu 'intercellu- 
tkr opaoe. Ttis diughl^r-cell haa permllEtMl ^W green contents to .appear upon the 
fUrfruM (aa alreadp repreHented from aboie, in A). 

D.— A BlQglo gland more hiRlilyoilgnineil, and freed from ItBCOTering. with the ox- 
:), by boiling with alcohol i.8chaoht(. 
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The iDtercellular spaces in the fundamental tissne of the 
root-atock and in the leaf parenchyma of Aspidium Filix mai 
(Fig. 102), which have been described by H. Schacht,' are very 
remarkably conatnicted. All of the boundary cells of these 
cavities do not assume a special form, but some few of them 
grow in a apherical manner into the hollow space, through a pro- 
tuberance of the delicate wall in one or two places. The daughter* 
cell, which ia tliua produced, becomes immediately boaoded by 
a tranaervse wall, and elevated upon a small etalk over the 
mother-cell in a head-like form (the " Zottenkopf ," or tufted 
head, of Hanatein). These small glandular cells thus remind 




Tangential longKudlnal s 



one of the raore simi)le forma of the ahove-deacribed oil-pro- 
ducing trichomes of the Labiatce. In the fern-root the glands 
in their terminal head-like cell at first contain protoplasm, in 
which after a short time greenish oil-drops occur; these are 
finally forced out upon the surface of the glaud, and envelop it 
aa a thin greenish layer. This section consists for the most 
part of the peculiar filicic acid, which, by longer preservation 
under glycerin, crystallizes in long needles; volatile oil is want- 
ing here, or is present in but very slight amounts. Such in- 
tercellular glands have also been met with by one of us (F.) in 
■ Pringaheim'e Jahrb. f. wiueoBchaftl. Bot., iii. (1668), p. 893. 
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the (noD-officioal) root-stock of Aspidivm s/iinulosiun Swartu; 
in the other ferns of our region they are wanting. 

A second form of secreting cells are the latex-tubes or latici- 
feroDH ducts.' In most cases (especially wlien the tubes are 
very long) they are produced, like the vessels, by the resorption 
of the tranfiverae walls of lines of cells lying over each other 
(ceU-fasion). In their simplest iuitial formation they are dis- 
tinguished, however, from the neighboring parenchyma cells, 
like the mucilage-ceila and the oil-cells, only by their contents 
A&d aomewbat more considerable width, as for instance in jalap 




Fia. 104. 

Fio. 1S1.— LonElludlnkl section througb Ibe i 
bJCbl; iMcnitledi cr,sleve-Cubta^ ', latHz-tubus. 

Fro. 103.— LaDgltudlnal xeatloD IhroURh one of j the tnntr laMx-iODea ot Sad.Tar- 
axaci, in vhlch the tubea <f| are BCuompanliid bf steiB-tulies {cri, 

> With regard lo lateX'Cella and latex-tubea, compare Mejen, " Die 
Secretionsorgane der Pflanzen," Berlin, 1837.— Hanstein, " Die Miloh- 
saftgefAsse," Berlin. 1864.— Dippel, " Eiilstehutig der MilchsattgefiUse," 
Botterdam, iSbS.— Vogl, ■■ Beitrilge zur Kennlniu der MilchBaftorgane," 
in PringshMra's Jahrb., v., 31.^David, " Ueber die Milclizellen der 
Euphorbien," BreBlati, 18T2.— E. Schmidt, Botan. Zeit., 1882. Scott, In- 
augural Dissertation," Wiirzburg, 1881, etc. 
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tubers (Fig. 166) or in the Chineae galls {Fig. 91). In the 
Cinchona barks, the latex-tubes are dietinguisbed by their 
considerable length, often also by a far greater diameter; in 
other caees, as in Fructus Papaveris and fti Caricm ' (Fig. 167), 
thoy are developed as branched syBtemB of canals. In this man- 
ner abundantly branched lates-tiibea traverse definite layers 
of Radix Taraxaci (Figs. 163 to 165). Here the system of these 
tnbea, without regard to the overground portions, is only de- 
veloped in the bark; in Lactuca virosa it extends also to the 
central parenchyma of the stem, together with all other parts 
of this plant. 



Fio. 168.— Cells (i 




n rubf r Jalapte 



ilLciferouiJulce. 



One may accordingly speak of la/ex-ceUs and latex-vessels or 
tubes. The former are true cells, and, when formed already in 
the germinating plant, may often become very long, and, in- 
deed, absolutely branched, without being divided by transverse 
walls, as for instance in the Urticaceae, Euphorbiaceffi and 
Asclepiacete. The milk-tubes, on the contrary, are lystgenic' 
passages, that is, canals formed by the solution of the trans- 

' The latex-tubes of the fig are bo striking that by means of them one 
maj easilj recognize an adulteration of coffee witb "fig coffee" 
(roasted flgs). 

* AvoB a dissolution, and ytyydai I produce. 
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yeree walls. With these are to be classed the tubes of the Cicho- 
riacei? (Taraxacum) and those ot the PapBTeracera and Cam- 
panDlacese, 

If n resorption of the transverse walls does not take place, bnt 
the short latex-eells lie in rows ov^r each other, lactescent lines 
of cells are produced, as for instance, in the CouvolviilaceiB 
{Tuber Jalapa, Fig. 166); gutta pereha (mostly from Dichopsia 
Qutta Bentham et Hooker) also occurs iu such lines of cells 
containing laticiferoas juice. 

The contents of the latex-tnbee is a mixture of very variable 
composition.' Besidesthe more commonly distributed substaDces, 




such as salts (calcium malate), starch and protein bodies, very 
many, if not all, laticiferous juices contain caoutchouc. Pe- 
cnliur bitter principles and alkaloids (as in opium) also occur in 
them, and some laticiferous juices are therefore medicinally 
valuable (opium, euphorbium, lartucariuui). In the later of 
species of Euphorbia is found the indifferent, crystal lizable 
euphorhon. The milky juices which here come under considera- 
tion are white iu their fresh condition. 

Caoutchouc appears in the laticiferous juices in the form of 
globules, which swell in volatile oils, and are not changed by 
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dilute ftlkalies and acids, but are diaBolved bj chloroform and 
carbou bisulphide. 

With the latex-tnbes which are formed through solution of 
the interrening cell-walls are connected the reeeptaeles for 
resin And balsam, which are produced in a lyaigenic manner 
(aee pages 170 and 248). 

These appear ag roundish spaces or cavities, filled with their 
contents (formerly termed "interior glands"), and are pro- 
duced in such a manner that those cells which occupy the 
place of the subsequent receptacle become filled at an early 
period with the respectiTc secretion ; afterwards the membrane 
of these cells contaioing the secretion disappear (Fig. 168, com- 




Fio. ISS,— FonnaliOB ol an oil gland at D 
»DCed, below tbe epidermis, a eroiip 

oil, wbile Che ceils are Ip process ot dleaotution ; at the rliclit. most 
klreadr become dlssoWed, and In their place is produced a ifBigenii 
aODlalDliis a seci-eUon (Rauter). 

pare also the previous remarks in connection with the cell- 
membrane). These receptacles are not, like the resin-canals 
(which will be considered directly), bordered by a circle of se- 
creting cells; the cells inclosing them are not ossentially dis- 
tinguished from the tissue of their surroundings. With these 
may be classed the oil receptacles of the Rutaceis' {Pielea, 

' Compare Rauter, "Zur EntwickelungsgescUichte eidtger Trichomge- 
bilde." Sitzungsber, d. Wiener Ahod., 1873, and Von HOhDei, " Anatomi- 
ache Untersuchungea fiber eiDige Secretioaiorgoue der Pflaozen." 
Wiener Akodemie, November, 1881. 



lyTEBCBLLPLAB SBCBBTIONS. 251 

, Rula, Dictamnus),' of the leaves and fruits of CUrut, 
and of Jaborandi leaves. 

Thus, for example, in the very large oil-spaces in the rind of 
the fruit of species of Citrus, a solution of the cell-walls is dis- 
tinctly perceptible.* This ia, perhaps, atill more the case in the 
tronkfi of Copai/era,' iu which the balsam passages attain 
an enormous development. These trees contaiu the copaivn- 
baham in canals which are as much as an inch in diameter, and 
which often traverse the entire trunk, ao that a single one, after 
being bored, ia capable of yielding balsam by the pound. In 
the so-called " gummosis," the membranes become couyorted 
into gum (compare page 1C6, Fig. 78). 

In the Sterouliaceffi, lysigenic (protogeiiic, page 303) gum-pas- 
sages are found.' 

The lysigenic passages, like- the schizogenic, which will be 
described directly, may be either dermalogenic, that is, produced 
by the participation of epidermal cells (Citrus, Dictamnus, 
Amorpha), or they may bo formed under the epidermis, deeply 
in the interior (intarior glands in a more restricted sense). 

The secreting space of the lysigenic passages is always com- 
pletely closed. 

The intercellular receptacles for secretions, or the so- 
called oil-passagfs and balsam-passages, belong neither to the 
true cells, nor to the tubes produced through the fusion of cells, 
nor to the passages of lysigenic origin. 

The formation of these receptacles, which are found in the 
Myrtaceffi (Euealj/plut, Figs. 127, liti, Myrtus, Eugenia, Pimen- 
ia), in the Leguminoaae {Amorpha, Hymenaa, Traehylohium), 
in the Umbe! lif erte, Compositse, and Coniterie, in Oxalts, 
Lysimachia and Myrsiae,*- admits, in the families of the Um- 

' Here also in the interior of hairs, Sachd, " Lehrbuob," p. 93. Mar- 
tinet, loe. cit. De Barj, loc. dt. Fig. 23. 

'Sachs, "Lehrbuch der Botanik," 1874, p, ItS. 

■Earsten, Botati. Zeitung, ISS7. p. 316. 

•Trtcul, Conipt. rend., 1SB2, p. 815.— Ledlg, Batan. Centralb., 1881, 
Ti.. p. 387. 

' Von Hdhael, in the investigation cited on page S50. 
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belliferae, GompositaB and ConifersB * (which are very rich in such 
examples) of being traced back to the production, extension, and 
prolongation of intercellular spaces. Very frequently four cella 






Fio. 169. Fio. 170. Fio. 171. 

Figs. 169-171.— Four boundary cells, gggg, in FIk. 170 recedinc: from each other; in 
Fig. 171 the intercellular passage so produced exerts a preteure upon the boundarr 
cells. 

Fig. 169, gggg) recede from eaT3h other in the region where they 
meet together. 

The boundary cells (g), which in the beginning (Fig. 170) 
still project with their convex walls into the resin-passage^ 





Fio. 172. 



Fio. 178. 



Fiofl. 173-17S.— Beginning of the depression of the boundary cells, which in Fig. 178 
are strongly compressed in a radial direction (M&Uer). 

recede (Fig. 171), and are more and more depressed in a radial 
direction (Figs. 172, 173). At the same time, in the boundary 
cells, and frequently also in the farther surroundings of the 



* Ck)mpare also Fig. 106. 
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sages, a new formation of cells takes place by the division of 
-the older ceils (Figs. 174, 175), so that finally tlic fuily devel- 




ho. i;<.— BeginnineoftbendWtormatli 

Fta, 175.— Around Che iaCen»Uuliu pan 

Bpuce, a lajBr o( tabul&r dsushler.cell> (a 

■ecUoQ tbn>ugh a brancb ot tbe root or In 



1 of cells in the bouodarf cells (UDIIer). 

se, Kbloh has becoioe eilended as an o 

sernlng cells) haa been formed. Transten 



oped reain-pasHage 



located in a special 
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form of tissne (Fig. 176). From these cells sarronnding the 
intercellular balBatn-passage (secemicg cells, epithelium) the 
volatile oil, and the resin disBolvcd thei'ein, penetrate through 
their walls into the passage. 

A canal which has been formed in the manner just described, 
by the parting of cells from each other, is termed schixogenic' 
In. the larch, in addition to resin receptacles of this kind, 
Ijsigenic passages are also found (page 348). 

A ramification of thoee passages which more closely concern us 
here is not perceptible on a longitudinal section through them. 




FiQ. 178.— IiODgltudliiftl section rrom 
angium Sumbvl); rimedallu-r ni;B; t,pblo«m; ' 
benruh It belDK vtitble), 

BO that they do not represent a vascular system, like the latex- 
tubes of many plants (e. g., FigS, 163-165). The more simple 
form of the re sin -pass ages is in harmony with the manner of their 
formation, although this does not exclude the passages from oc- 
casionally attaining a considerable length (Fig. 176), as in the 
anjnbvl root (Fig. 178), in Rhizonm Iviperaiorta, or, as already 
mentioned, in Copaifera, and presumably also in Diplerocarpus.' 

' Sx'Z<^ I cleave, and yiroi production. 

' Fl&ckiger, " PharmakognOHie," p. 89. 
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iiiterciiHar reein -receptacles are widely distributed in the 
Oonifene; here they are found not only in the bark (Fig. 181), 
but also in the wood (Fig. 180), in the scales of the cones,' and, 
indeed, the leaves mostly contain two of them (Fig. 179) on the 
lower surface. It is only in a few Coniferffi (Taxus) that they 
are entirely wanting. 

Copal is also produced in aehizogenic Becretion-recoptacles, 
in the Trachylobium as well as in the flt/men<ea, as Hohue! haa 
shown, 




PiQ. 179.— Trfturene eectlon througb Iha olJ.cuikl ot b coni/traui liaf: I 
canal; i, nucleuB-ghiMich (uonalatlnetif bMt-celU) siUTouadlDK Oib Bine; up. ■toma; a, 
rcaplnitor)- citvit; : ep. epJdernila (TEcbircb). 

Although a longitudinal section through the root structures 
of the CompoBitiB and Umbeliiferae does not reveal either a 
regular arrangement ' or a connection of the balsam- passages 

' Hanausek, " Ueber die Harzgaoge in den Zaptenscliuppen einiger Co- 
niferen." Jaliresbericht der, etc., Handelaachule in Krems, 1880. 

* With regard to the distribution of the resin -paBBagee, coiiipare Han- 
ausek. •■ Zur Lage der Harzgauge," Irraiscbia, ii. (1882), Noa. 3, 4, and 
N. J.C. MQlIer, " UnterHUchung Qberdia VerLhellung der Harze,ather. 
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Oele. Ouiiimi und Uumiuiliarze uud die Stellung der Secretb^b&lMr im 
Pfiaiizeiik6rper," in Pringsheini's Jalub. ttXr nisB^uscbaftl. Bolanik, t. 
(1867), p. SSO. H. Muyr, ■' EnlBtelmngund Venlieilung der Seluetions- 
Organe der Ficbte und liLrch?," Botan. Centi'alblatt, xs. (1S84), STS. 
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amongthemselves; yet a conformity to Bomp law in llie poBitiou 
of these receptai-les is sometimes apparent upon a trana- 
veraelsection. The root-stock of Arnica, for example, shows 
a large balsam-passage {Fig. 182) before each fibro-vasca- 
lar biitidle. A similar iirrangemimt may be seen to exist in 



Fw. ist- 




a tramiTirrafl section trom Cbe undereroutid sleta irhlioinel of 
Arnica numlana. Before each irlero-r»y (wood -bundle) J, there la a very large oU 
apam; o. b, catties formed bj the laeeration of the fundamental tiKiue; a, epIdtinnlB 
at Uieroot leplblema); m, medulla, Tb» wUsof the epidermis ore splrallj striped; In 
the surrcmndlngB of the ail-apauea are drops of oU nbicb bate escaped. Cumpore nUo 
Berg's " Atliu," Platen 8. B, 10. 

Radix AngeUcw and R. Levisllci, in Rhizoma ImperatoritB aiid 
others, »ltbough, in the eourse of development, which is not 
17 
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always perfectly uniform, they often become disturbed in con- 
sequence of the laceration of the individual tissues. 

Hand in hand with the organic transformations just described, 
there occur, in the surroundings of the passages, certain chemi- 
cal processes, to which the resins, volatile oils and varieties of 
mucilage owe their origin and also the special form which 
enables them to pass into the intercellular spaces. The resins, 
namely, are either dissolved involatile oils, as " balsams " or "tur- 
pentines." or they are emulsified by mucilage (gum). It is only 
in this form that they are capable of passing through the cell- 
walls into the passages formed for their reception. Although 
the manner of formation of the cells and tissues * which 
have here been considered may appear quite clear, yet the 
chemical side of these processes has so far not been elucidated. 
In many cases, resin and volatile oil appear to be produced from 
amylum. If this may be accepted with some degree of probabil- 
ity, the equally just supposition is forcibly presented that under 
certain conditions cellulose, which agrees with amylum in its 
composition, is also capable of undergoing the same transforma- 
tion. As a matter of fact, this is also the case with the lysigenic 
canals, which have previously been considered (compare page 
248). 

According to Frank^s investigations,' it would appear as if 
the oil-tubes or stripes, vittcBy* which are so characteristic for 
many of the umbelliferous fruits, first became forced asunder 
through the volatile oil which makes its appearance in them, 
while the balsam-passages of umbelliferous roots present the 
development illustrated by Figs. 169 to 175. But in many of 
these fruits the oil- tubes also show remnants of transverse walls 
(Fig. 183) which presumably indicate a solution of original 
boundary cells. The effloresced appearance of the tissues which 
surround the oil-tubes in Fructus Carvi, Fructus FoBnicuU, 

^ Especially described by MCiller, loc. cit,, p. 887. — Thomas, iWd, 
v., p. 48. — See also Frank, *' Beitr&ge zur Pflanzenphysiologie,'* Leipzigi 
1868, pp. 120, 123. 

' *• Beitr. z. Pflanzenphysiologie," p. 128. 

» Fig. 94 o.—Berg's "Atlas," Plates xli., xUi., xliii. 
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p^M^ also supports this view. It hue, however, rcccutlj' been 
B^Otm that the oil-tTibt;e are prmluced in the eame manner as 
the ream- receptacles of roots,' ami ure thus of schizogenic 
origin. 

As an exception, in Fruclui Conii oil-tubes' are not found 
ut'the period of ripening (as has previouBly been already men- 
tioned), but rather a conuucted layer of cells (Fig. 184), in 
which is located the volatik' oil and foiiiine. When observed 




aa a longitudinal section (Fig. 185), this lajer represents the 
oells superposed in a compartment-like form; if their transverse 

' Lange, " Uber die EntwickeluDg der Oelbeh&lter b«i den Umbelli- 
Camt." EfinigBberg, 1B84. Dissertation.— Com pare also E, Bartsch, 
"Bnitrfige xiir Aaatomie uod Entwickelungsgeschichte der Umbelli- 
tarenfrOchte." Inaugural DUsertation, Breslau, 1S83. 

* In young ovaries they are present as an initial formation, but do nit 
) developed. 
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walls were to disappear, the figure of an oil-passage produced 
by resorption would be obtained. Such a solution of the trans- 
verse walls does not occur, however, in Fructug Conii. 

The spaces which have just been considered contain either 
volatile oil (Myrtacese), which in drugs is often already more or 
less resinified, or a mixture of volatile oil and resin, or finally 
resin itself. 

Besin, which is free from volatile oil, is also met with in 
Lignum Ouaiaci and in Lig. Quassia in the form of brittle, 
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shapelcKS masses. In these two plants the rosin first makes its 
apjteanince ut a later period (at an advanced age) in oniinary 
wood-cells and vessels of the heart-wood; it thus shows a deport- 
ment similar to that of physiological gum (see page 166), with 
irhich it also appears to be chemically related (see also page 
204). 

By a microscopical examination, the resin and oil, especially 
when they occur mixed with each other as a balsam, escape from 
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these depositories in the form of small, strongly refracting 
drops, which are more frequently yellowish or brownish thaa 
oolorlese, and are clearly miacible with uloohol, or at least with 
absolute alcohol, ether or benzol, and with fixed or volutile 
oils. 

A mixture of gum, resin, and volatile oils (gum-resin), as in 
aaaffstida. galbanum, and avimoniacum, or even gum or muci- 
lage alone (Cycadoffi),' Is also found in schizogenlc secretion- 
receptacles. 

However, should any of the material occurring in cells or in 




intercellular spaces be found to be indifferent towards the above 
solvents, it does not neceasarily follow that resin is absent, since 
the older lumps of resin dissolve only with difficulty. 

The resins ai-e colored red by tincture of alkanet. The 
teagent of tJnverdorben and Franchimont (an aqueous solution 
of acetate of copper) colors the drops of resin, after several 
days' maceration in the liquid, emerald-green. 

The resins are not, however, cnfined to these receptacles, as 




Pringsheini's Julirb. f, vriasenscb. Botao., i 



p. 805, 



^62 PLANT ANATOMY. 

is already evident from the description of the latter. In young 
cells, where the resin is first formed only in small amount, it is 
destitute of any special color; the same is the case where the 
resin forms semi-liquid granules, especially in those plants 
where it occurs emulsified as a constituent of laticiferous juices, 
for example, in Tuber Jalapce. This extremely fine division 
and liquefaction of the resins is promoted in the laticiferous 
juices of the Umbelliferae by the volatile oil which they contain. 
Under such conditions the resin may be recognized by its 
tendency to absorb coloring matters. Iodine solution, or pre- 
ferably aniline colors dissolved in water, carmine, etc., when 
carefully added in corresponding amount, are very useful for 
this purpose. To be sure, this does not always prove that the 
colored bodies are resins, but the coloration, nevertheless, affords 
good points of discrimination. 

The schizogenic secretion-receptacles are generally closed. 
There are, however, cases where the secreting space is open, and 
communicates with intercellular spaces of the parenchyma, 
which likewise sometimes contain a secretion {Oxalis floribundUy 
Peganum Harmala, Lysimachia Ephemerum). 

With regard to their morphology and the nature of their 
development, the following varieties of secretion-receptacles 
should, therefore, be maintained distinct: 
I. Trtie Cells, 

{a) Isolated in the interior of the tissues, and on all sides in 
connection with the other elements of the tissue. 

1. Containing oil : Macis, Laurus, Cortex AngosturcBy 
roots of the Zingiberaceae, Acorus Calamus y Cinna- 
mon hark, 

2. Containing mucilage : Cinnamon-hark , Elm-harhy 
Althcea root (filling entire tissues in Chondrus), 

3. Containing laticiferous juice, simple : galls, from 
species of Bhns, from Eastern Asia : Euphorbiaceae. 

4. Containing crystals, especially in monocotyledons. 

5. Containing tannin. 

{h) ^United in a band of cells. Fructus Conii, Tuber JalapcB, 
Dichopsis Gutta, 
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(c) As glandular heads of hairs. 

1. Upon the epidermis, glandular hairs of the Labiatae. 
Kamala, Glandulw Lupuli (colleters). 

2. Projecting into intercellular sphces{Aspidium Filix 
mas), 

II. Secret ion'receptacles produced through the fusion of cells: 
(a) Of rows of cells : latex-tubes (Papaveraceae, Cichoriaceae, 

Campanulacese). 

{h) Of homogeneous aggregations of cells : lysigenic oil- and 
balsam-passages (EutaceaB, including the Aurantieaa). 

{c) Of entire, and also dissimilar portions of tissue : gum- 
glands. 

III. True intercellular spaces : 

(a) Containing oil or resin, schizogenic balsam-passages (in 

the Coniferae, Umbelliferae,' Myrtaceae, LeguminosaB, 
Hypericineae). 

(b) Containing gum-resin (the roots of some Umbelliferae). 

(c) Containing mucilage, schizogenic mucilage-passages 

(Cycadeae). 

(d) Containing laticiferous juice {Alisma Plantago). 

The secretion receptacles may h^ prolog enic, that is, they may 
be formed already in quite young tissues, or they may be 
hysterogenic, that is produced at a later period in old and com- 
pletely developed tissue. 

In transmitted light, many leaves appear finely punctate in 
consequence of the presence of resin cells, resin cavities, and 
crystal cells. Bokorny has utilized these " pellucid points^'' 
diagnostically.' The pellucid points are caused by resin cells in 
the LauracesB, Piperaceae, Meliaceae, Sapindaceae, CanellaceaB, 
AnonaceaB and others, by resin-cavities in the MyrsineaB, Myrta- 
ceae, RutaceaB, and Hypericineae. 

1 The size of the resin-canals possesses diagnostic value in distinguish- 
ing Rod, Levistici and Angelicce. In the former they have the same di- 
ameter as the vessels ; in Angelica, on the contrary, they are consider- 
ably wider. 

s *' Die durchsichtigen Puncte der Bl&tter in anatomischer und syste- 
matischer Beziehung.*' Flora, 1882. 



PATHOLOGICAL FORMATIONS. 

The morphological and anatomico-physiological relations of 
the organs formed in the normal vital processes of plants having 
been considered so far as they relate to our purpose, some other 
phenomena may still be mentioned which are produced by dis" 
turbances of the normal processes. 

When a part of a plant is wounded by the human hand or by 
an animal, it is capable of repairing the injury. The most 
usual form of protection is the formation of cork (protective 
cork) on the wounded place. Figure 109 a shows, for example, 
how on a fruit of the Vanilla, which has been wounded by an 
insect, cork has been produced around the wounded place, 
whereby access of air is excluded from the inner tissues. Cork> 
is the ordinary form of protection for delicate organs, but 
naturally, is only met with in such places where cells occur 
which are still delicate and readily suberized. If, on the con- 
trary, the stem of a dicotyledonous woody plant is wounded 
down to the wood, the plant selects another means of protec- 
tion, since cells here become exposed which can no longer be- 
come suberized. Accordingly, in all the cells of the wood 
which border on the wounded place, gum (wound-gum) is pro- 
duced as an exudation of the thick membranes, which gradually 
fills the cell cavity and thus directly closes the wound. The 
masses of gum and resin which occur in the dead heart-wood of 
the officinal woods (page 260) are probably such protective gum. 
During this process, in those portions of the bark which are 
still capable of development, the plant endeavors to close the 
wound from both sides. There are thus produced, by very 
active growth in the contiguous cambial zone, broad, inflated 
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onahions, or excrescetices, which gradually constrict the wounded 
place more and more, uod, indeed, may finnlly entirely close it. 
Such enlargements of the tissue as are produced by outward 
influences are termed hypertrophies. They occnr not only in the 
form of excrescences, but also as variously shaiied malformatioiis, 
which should not be classed with the excrescences without 
further distinction. While, namely, the latter are to be regarded 
ttfi a reaction produced in consequence of a single wound, the 
other anomalous formations, quite genentlly designated by the 
name of gall* or cerrdiie, are of service to the insect or para- 
sitic plant which produces the wound. Hence there may be 
distinguished according to the respective organism, fuiigus- 
galls (mycocecidiffl) — for of all plants only the parasitic fungi 
produce snch formations — and insect-galls (zotwecidiffi.) 
Whether, however, a plant or «u insect is the cause of these 
formations, the symptoms are always the same. By a vigorous, 
and often greatly inereased formation and division of cells, the 
affected part of the plant, which always consists of cells which 
are still capable of development, is very considerably enlarged, 
and manifold and often very strange malformations are pro- 
duced. An active convej'ance of sap affords abundant nourish- 
ment, which is often so great that not only are the requirements 
fulfilled for the new formation of cellular tiasne, but numerous 
earpluB products (for instance, stai-ch) also accumulate in the 
cells. Moreover, peculiar bodies {such as tannic matters) are 
also frequently formed in the cells of the gall, which are either 
wanting in the other tissues of the plant, or are contained in 
them in very much smaller amount. Upon such an activity of 
development, which is increased and qualitatively changed 
through irritation, essentially depends the formation of galls. 

In the fungus-galls, the hyphse of the fungus, nourished by 
the richly supplied cells, penetrate the intumescence. In the 
case of the insect-galls, the interior, which is mostly hollow, 
serves as an abode for the insect: it there passes through its 
entire coarse of development, from the egg to the perfect insect 
(Cynips galls of the Oait),and even through several generations. 

Since the galls seriously injure the plant only when they are 
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produced in quantitatively very considerable amounts, a case of 
symbiosis * (cohabitation) is thus presented here, of beings be- 
longing to two different series, though, since the one lives chiefly 
at the expense of the other, this borders closely on parasitism. 
These formations are very remarkable from the fact that a plant 
does service for an insect and constructs for the latter its 
dwelling place. 

Since insects of different classes (Hemiptera, Diptera, Hy- 
menoptera) participate in the production of insect galls — and 
only these interest us here— it is impossible to make any state- 
ments of general application regarding these gall formations, 
which occur upon plants of all the families of phanerogams.' 
Their shape, like the nature of the irritation which produces 
them, is extremely variable. 

Only those galls which are rich in tannin are of technical 
importance, and these are also our best sources of tannin. The 
oaks, especially, furnish many valuable galls.* 

The galls of Asia Minor (or galls in a general sense) are pro- 
duced by the puncture of the ovipositor of the female insect of 
Cynips gallcB tindorim Olivier (a Hymenoptera) in the young 
shoots of Quercus lumitanica Lamarck. The female insect, de- 
veloped in the hypertrophic tissue from the egg deposited 
therein, afterwards bores for itself a passage and escapes from 
the gall, by which it was sheltered during one of its phases of 
life. 

The so-called Chinese and Japanese galls, on the contrary, 
are produced by the female Aphis sinensis (a Hemiptera) in the 
younger shoots and leaf-stalks of Rhus semialata Murray. In 
these galls, which are mostly very large, the numerously intro- 
duced eggs become developed as plant-lice, pass through succes- 

' '2vy with, and pietv to live. 

* Compare especially, Frank, ** Handbuch der Pflanzenkrankheiten." 
'The galls which are employed technically and pharmaceutically 
have been very excellently described by Hartwich (Arch. d. Pharm., 
21, 1883, p. 820); compare also Wiesner, *' Rohstoffe des Pflanzenreiches,** 
Vienna, 1878, pp. 846, with numerous illustrations. 



GALLS. 267 

«iye generations, and finally escape. In the commercial galls, 
the small insects are still frequently found which have been 
killed by scalding or have otherwise been destroyed. 



MICRO-CHEMICAL REAGENTS. 

In the course of the preceding representation the chemical 
detection of one or another substance has already been alluded 
to, and, indeed, the treatment of microscopic sections with 
suitable reagents affords many valuable disclosures. As in all 
other cases, definite answers are obtainable, when systematic 
and accurately formuhited questions are propounded. For 
this purpose, chemical reagents * are of service, among which 
the following may be designated as especially important: 

1. Chromic Acid (free from sulphuric acid) dissolved in 100 
parts of water. This is adapted in general for the purpose of 
loosening composite, thickened cell- walls and constituent bodies, 
whereby the finer relations of structure are very often made 
evident, since chromic acid is also capable of clearing up 
darkly colored cell-walls, and, on the other hand separates the 
layers and finer membranes, thus bringing them more clearly to 
view. By means of this acid, starch granules are completely 
separated into laminae, the strata of the Cinchona bast-fibrea 
(page 155, Fig. 73) separated from each other and lignified mem- 
branes dissolved, while suberized membranes are rendered more 
clear. 

When employed in a more concentrated form, or allowed to 
act for a longer time, chromic acid destroys the cell-walls. Its 
application, therefore, requires continual observation of the sec- 
tions which are treated therewith, in order to completely survey 
the result of the phenomena. 

^ Compare Poulsen's '* Botanische Microchemie," Cassel, 1881; and 
Behrens* *'Hilf8buch zur Ausftihrung microscopischer Untersuchun- 
gen," Braunschweig, 1883. The American editions of these two works 
are noticed on page 49; in both of them are contained numerous refer- 
ences to the literature of the subject. 
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Hydrochloric Acid of the specific gravity 1.110 acta mnch 
le'sa energetically upon the cell-walls; yet, without causing these 
to Bwell tu a dieturhing maDiier, it BeizeH iipou muny of the con- 
stituent aubetanceB and thereby permits the structure of the 
tissue to be more clearly recognized {a stronger acid effects 
tumefaction). Calcium oxalate (page 129) is readily dissolved 
by hydrochloric acid. 

3. Hulphuric Acid. 

The dilute acid (specific gravity 1.110) causes starch and the 
membranes to swell. C'ellutose is converted by it into amyloid 
(page 159). 

Concentrated sulphuric acid (specific gravity 1.836) dissolve 
the membraues and their contents; only the cuticle, oork, 
the nucleus sheaths (page 202), intercellular substance, and the 
oil drops contained in the cell resist its action. 

In the phloroglucin reaction (page 161), sulphuric acid can be 
applied in place of hydrochloric acid. When mixed with indol ' 
the former is a good reagent for lignified membraneB. 

4. Nitric Arid of the specific gravity 1,180, either alone or 
after the addition of ammonia, colors protein substances, as also 
the middle lamella, yellow. Hohnel employs it for the detec- 
tion of suberin (cerin reaction). 

SiBce nitric acid dissolves starch as well as sulphuric and 
hydrochloric acids, it can likewise be employed for clearing up 
tisanes which are rich in starch. 

Nitric Hcid alone, or, still better, a mixture of nitric acid and 
potassium chlorate (Schultze's niucerutiou), is the best agent for 
isolating the individual element of tisane. The boiling acid, to 
which small crystals of potassium chlorate aro gradually added, 
dissolvesthe middle lamella. This method of procedure is par- 
ticularly applicable to the examination of vegetable powders 
{Cinnanioii, Cinchona, etc.); dark membranes at the same time 
become bleached thereby. 

When treated in this manner, boiled scraps of dmgs are re- 

' A colorless distal line priuciple of tlie composition CaH>N, ob- 
tained b; the action oF reducing agents on the blue ooloring principle of 
indlgD, F. B. P. 
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Bolyed by the pressure of the glass cover upon the slide ioto the 
separate elements (Fig. 186), which may then be conTementlf 
further eMmined. It is, however, to be considered that the 
reagent produces a swelling of the membranes, as also a solntion 
of the bodies contained therein. It is likewise to be obserred 
that Schultze's maceration dissolves the lignin from the lignified 
membranes, so that the latter then show the cellulose reaction. 
Before the objects that have been thus treated are brought 




liquid, b, bAst-cells 

*(, Btarch granuIeB of the cinnamon (Tachlrcti). 

under the microscope, it is necessary to thoroughly wash ont 
the reagent. 

5. Acetic Acid of the specific gravity 1.040 often clears up in 
a remarkable manner such sections as have previously been 
treated with alkalies. Since calcium oxalate is insoluble in 
acetic acid, the latter may also be employed as a confirmative 
test when the recognition of this salt is in question (compare 
T)age 133). This acid is likewise of service in the examination 
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PprntojilaBm , gince it causes the nucleuB of the ceH to appear 
Blinrply defined. 

6. Neutral Acetate of Copper diBsolved in twenty parta of 
water. If tiesiies containing resin are allowed to remain for 
some days in tliie solution, the metal combines with the resin to 
form green clots. 

7- Tannic Acid is lUways dissolved freshly just before use in 
twenty parts of water, and employee! in the seurch for alkaloids. 

By moistening thin sections with water, to which a slight 
trace of acetic acid has been added, a concentrated liquid extract 
of the substance is prepared, which is tested by the gradual 
addition of a few drops of the solution of tannic acid upon the 
slide. If a turbidity la produced, it may be due to the presence 
of alkaloids, but may also be caused by the so-called bitter 
principles, or by albumen. 

8. Solution of Soda of the specific gravity 1.160, containing 
15 per cent of sodium hydroxide. Instead of this solution, an 
equally strong alcoholic solution may serve for many purposes. 
The corresponding solutions of potassium hydroxide have the 
same action. 

The caustic alkali causes the cell-walls to swell, and dissolves 
many of the constituent substances, especially coloring matters, 
whereby the sections are rendered very much clearer; from 
ligiiified membranes the lignin is extracted by means of warm 
solutions of caustic potassa nr soda. In many cases the treat- 
ment of the tissue with alkali permits of the clearer recognition 
of the relations of the strata. The protein crystalloids reveal 
their organic structure by swelling, whereby their plain surfaces 
become for the most part rounded and the angles changed. 
Many yellow coloring substances (chrysophan in Rhubarb, 
frangulin in Cortex Frariffvl'v, chrysarobin) become red by 
alkalies, a reaction for which lime-water is well adapted. 

9. Sodinm Hjdroxide (solid caustic soda) or potassium 
hydroxide may be conveniently kei*t and employed in the form 
of powder, when the amount to be applied does not require to 
be more accurately measured. 

10. Ammonia Water, of the specific gravity 0.960, is often 
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preferable to potassa and soda, since the two latter frequently pro- 
duce an altogether too energetic swelling, which detracts from 
the clearness of the outlines. The jelly which is formed by the 
action of the alkalies upon starch also interferes very much. 
By the application of ammonia neither of these objectionable 
results are produced, while its power of dissolving coloring sub- 
stances is not less in extent. Starch suHers no change by the 
action of ammonia. 

Ammonia water, still further diluted, is adapted for softening 
dried plants and many drugs which it is desired to examine 
more thoroughly. Sections which are treated with nitric acid, 
and afterward washed and moistened with ammonia, admit of 
the sharp recognition of protein substances and of the middle 
lamella by means of their yellow color (xantho-protein reaction). 
11. Alkaline Solution of Tartrate of Copper. The solu- 
tion of the tartrate of copper and sodium in caustic alkali, the 
so-called '^ Fehling^s solution,'^ is not convenient for micro- 
chemical purposes. In place of it, the following method of 
procedure may be recommended: A solution of 3 parts of 
sulphate of copper (blue vitriol), free from iron, in 30 parts of 
hot water is mixed with a solution of 7 parts of Rochelle salt 
(potassio-sodium tartrate) in 20 parts of hot water, the resulting 
precipitate collected and dried. AVhen used, a little of this pre- 
cipitate is brought upon the object-glass, a small fragment of 
caustic soda added, and thereupon a few drops of water until a 
clear solution is produced, or this may also be effected by the use 
of the least possibly quantity of the solution of caustic alkali (No. 
8). The section is then moistened therewith. This alkaline 
solution of the tartrate of copper is useful in testing for sugar, 
since uncrystallizable, so-called fruit sugar (page 142) imme- 
diately separates therefrom reddish-yellow, hydrated cuprous 
oxide. This also occurs very soon by the aid of a gentle heat 
when grape sugar is present, but not even by boiling in the case 
of cane sugar (or mannite). Dextrin is also capable of reduc- 
ing the tartrate of copper with the aid of heat. 

The varieties of gum and mucilage effect no reduction in the 
alkaline solution of tartrate of copper. 
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ichs proceeds in the following manner in the reaction for 
grape sugar. He plncus the (thick) longitudinal sections for 
some minutes in a. eolation of sulphate of copper (1 part of 
Botphate of copper and 4 parts of water), then washes them with 
water, and brings theni into a boiling solution of caustic potaeaa 
{one part of the solution No. 8 and two parts of water). Cells 
containing grape sugar then appear filled with a reddish-yellow, 
granular precipitate (Cu,0). In this reaction it is necessary to 
accurately proportion the time that the section remains in the 
liquid, the amount of washing, thickness of the section, etc., 
for which some experience is required. 

The alkaline tartrate of copper imparts to the albuminous 
substances deposited in the parenchyma a violet color, in con- 
sequence of the formation oE compounds of copper with the pro- 
tein aubstances, as was made known in 1873 by Ritthausen. 

12. Ammoniacal 8olation of Oxide of Copper is obtained 
by shaking copper turnings with ammonia water of the specific 
gravity 0.960, with the addition of very little ammonium 
chloride. The ammonical oxide of copper, when prepared in an- 
other manner, has a different action in some cases. This liquid 
is the only solvent for cellulose. It is to be observed, however, 
that its action upon the cell-walls is very different, according to 
their thickness and purity, and that many, as for instance the 
hyph» of fungi and cork, are not attacked by it at all, or at least 
not without previous boiling with caustic alkali or with potae- 
sinm chlorate and hydrochloric acid. The action of the ammoni- 
aoal oxide of copper does not occur immediately. 

The ammoniacal oxide of copper is only fit for use when it dia- 
aolves cotton in the course of a few hours. It is expedient to 
protect it from the action of light, and not to keep it for a very 
long time. 

13. Glycerin of the specific gravity 1.225 is of very general 
use as a clearing agent; with a higher degree of concentration 
its power of abstracting water also comes into consideration. In 
the examination of such constituent substances as would dis- 
solve quickly in water (aleurone, tannic acid), concentrated 
glycerin is very useful, since its solvent power is only gradually 
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exerted. Thus under glycerin the gradual swelling of mem- 
branes affording mucilage and the disintegration of tissues con- 
taining oil may also be conveniently observed, and by the addi- 
tion of water accelerated at will . 

14. Absolute Alcohol is of service, for example, in rendering 
mucilage visible, which would be washed away by water or would 
form a clear mixture with glycerin. The volatile oils and 
resins are dissolved by alcohol. 

Fats and wax are but slightly soluble in cold alcohol, but, for 
the most part, can be brought into solution by boiling. 

Protoplasm is killed and hardened by alcohol. Since the lat- 
ter has a dehydrating action, its application, either alone or with 
the addition of glycerin, effects a separation of the protoplasm 
from the membrane. 

The tissues can be freed of air by means of alcohol, since the 
latter more readily penetrates into the intercellular spaces, and 
is also capable of absorbing more air than water. 

By placing the respective organs in alcohol, inulin (page 124) 
as also hesperidin (page 143) are obtained in sphsBro-crystals. 
Indeed, by means of alcohol, even asparagin and sugar may be 
made to crystallize in organs which are particularly rich therein. 

15. Alcohol of 85 per cent by weight, having a specific 
gravity of about 0.830, the ordinary Spirit of Wine, accomplishes 
in most cases the some purpose as absolute alcohol. 

16. Alcohol of 60 per cent, besides dissolving the resins, 
also dissolves the different sugars in considerable amount. 

17. Ether is applied for the removal of solid and liquid fats, 
whereby resins and volatile oils are dissolved at the same time. 

18. Benzol (C.HJ serves the same purpose as ether, but, 
since it boils at 80° C, it admits of gentle warming (with care!), 
which is often very useful. The same may be said of chloro- 
form. 

19. Chloroform* Resins, fats, wax, and volatile oils dissolve 
in ether, benzol, and chloroform. These liquids, as a rule, are not 
allowed to flow upon the preparation (under the glass cover of 
the slide). It is preferable to place the preparation in a small 
watch-glass filled with the reagent. 
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Hardened masses of resin, such as are frequently found in 
older drugs, often resist for a long time the action of the solvent, 
a fact which must be considered in order to avoid incorrect con- 
clusions. An alcoholic solution of caustic soda often has a bet- 
ter action than alcohol and other solvents. 

20. Paraffin of a low boiling point (55 to 75° C), the so- 
called petroleum ether or petroleum benzin. This liquid serves 
for similar purposes as ether, benzol, and chloroform; it has, 
however, a much less energetic solvent action upon resins. 

21. Fatty Oil (Almond Oil is the best) is employed with ad- 
vantage as a mounting medium, when, beside the fatty oil 
occurring in the cells, it is desired to examine the other con- 
stituents which would become decomposed or dissolved by glyceria 
or water (aleurone). Sections of seeds rich in oil, when placed 
in the fatty oil, appear very much clearer, since the oil is takea 
up by the mounting liquid. 

22. Liqaid hi^h-boiling Paraffin (Paraffinum liquidum^ 
of the PharmacopcBa Germanica), serves in most cases the same 
purpose as the fatty oil and is cleaner in its application. 

23. Iodine in the form of powder, when strewn upon moist^ 
ened sections, often produces purer colorations than iodino 
solutions; the excess of iodine is easily washed away with water. 
Powdered iodine readily cakes together. It is therefore more 
convenient to use it in form of a trituration with siliceous earth 
or pumice stone, and to preserve it in this form, since the latter 
substances are not objectionable in many of the reactions to be 
made with iodine. 

With regard to the application of iodine and its solutions for 
the recognition of starch, cellulose, and protein substances, com- 
pare the respective sections preceding. 

24. Iodine Water. One part of iodine shaken with 4,000 
parts of water is used as a reagent for starch and those forms of 
cellulose which show a similar reaction. 

25. Iodine Solation (Iodine with Potassium Iodide) is a 

' A clear, oil-like liquid obtained from petroleum, free from colored,, 
fluorescent, and odorous subptances. F. B. P. 
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solution of 3 parts of iodine and 8 parts of potassium iodide in 
1^200 parts of water. After some time, a little hydriodic acid is 
formed in this solution; the deportment of the solution is then 
(for example^ witli starch; see page 122) not precisely the same 
as when the freshly prepared solution is used. 

26. Iodine Tincture. A solution of 1 part of iodine in 10 
parts of alcohol of the specific gravity 0. 830. 

27. Iodine with Glycerin. A mixture of 1 part of iodine 
solution (N"o. 25) with 10 parts of glycerin of the specific gravity 
1.230. 

28. Iodine witli Cliloride of Zinc. In 100 parts of a solu- 
tion of chloride of zinc of the specific gravity 1.800 are dissolved 
6 parts of potassium iodide and as much iodine (ahout 1 part) as 
the liquid is capable of taking up. 

Pure cellulose — though not that of the fungi — assumes with 
the chloride of zinc and iodine a violet color (chloride of zinc 
causes the formation of amyloid). Cells containing tannin as- 
sume with the chloride of zinc and iodine a reddish color. 

29. Potassio-mercnric Iodide (a solution of mercuric iodide 
in potassium iodide) is prepared by dissolving 1.35 parts of 
mercuric chloride (corrosive sublimate) and 5 parts of potas- 
sium iodide in 100 parts of water. Nearly all the alkaloids are 
precipitated by this reagent from their solutions, even when 
highly diluted, so that it affords indications of the presence of 
such substances. The precipitated compounds are mostly 
dimorphous, and only a few assume a crystalline form after some 
hours. 

30. Ferrous Salphate (Green Vitriol), prepared in the 
form of a fine powder, by precipitating it from its solution in 
water by means of alcohol, and quickly drying it by exposure to 
the air. When used, 1 part is freshly dissolved in 20 parts of 
water. Many substances of the class of tannins are colored by 
this salt, but usually of a different tint than by ferric chloride. 
The addition of lime-water to sections which have been impreg- 
nated with a solution of ferrous sulphate and subsequently 
rinsed with water, often produces new colorations. 

31. Ferric Chloride. The officinal solution [Pharm. Germ.] 
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I the specific gravity 1.405 ia diluted with 10 times its weight 
of water, and the aectioDS allowed to macerate for some time in 
the liquid. If alcohol be employed for diluting the solution, 
BOmewhat different reactions are usually obtained, and, upon the 
Bubsequent addition of lime-water, still further changes of color 
appear. The dilute solution of ferric chloride is decomposed by 
long keeping (us a result of dissociation). Only the officinal 
solution should, therefore, be kept ready prepared. 

The dilute solution of fDrric chloride serves chiefly for the 
recognition of tannic matters, which are thereby colored either 
green or blue. It is expedient to discriminate between these 
two classes of colorations, though this is frequently difficult, 
owing to the appearance of transition colors in consequence of 
eeveral tannic matters being usually present at the same time. 
This assumption of the simnltaneous presence of several differ- 
ent tannic matters is supported by the observation that the 
coloration first produced by very small quantities of solution of 
ferrous sulphate in cells containing tannin ia often changed by 
the further addition of ferric chloride. The behavior of pyro- 
catechin, quercitrin, and rutin to iron salts may here also bo 
called to mind. 

Instead of ferric chloride, ferric sulphate or ferric acetate may 
also he employed. 

32. Hercarous Nitrate, known also by the name of "Mil- 
Ion's reagent," One part of mercury is dissolved, without 
heat, in 1 part of fuming nitric acid, and the solution diluted, 
with 2 parts of water. This liquid imparts a red color to pro- 
tein substances, though only when the latter are present in 
considerable amount. The striping of the membranes is ren- 
dered clearer by Millon'a reagent. On account of its strongly- 
acid reaction, care must be taken not to have it come in contact 
with the microscope. 

33. Aniline Sulphate, in aqueous, or better, alcoholic solu- 
tion, colors all lignified membranes yellow, especially after the- 
addition of sulphuric or hydrochloric acid. 

34. Fliloroglncin h a still more delicate reagent for lignifi- 
cation. The sections are thoroughly moistened with hydro- 
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chloric acid, and a freshly prepared solution of phloroglucin in 
100 parts of water dropped upon them, whereupon lignified 
membranes become red. Occasionally, this coloration appears 
without the addition of phloroglucin, for the reason that this 
principle itself occurs in some barks. 

CoLOBiNG Agents. 

35. Aniline Colors. Fuchsine, methyl-violet, methyl-green, 
Hanstein's aniline-violet (equal parts of methyl-violet and 
fuchsine), vesuvine, as also aniline-blue and aniline-brown, re- 
ceive manifold applications, particularly in bacteriological inves- 
tigations, since these organisms are capable of strongly absorb- 
ing the aniline colors. But in histological investigations the 
above-named colors are also employed, usually dissolved in 100 
parts of water. 

36. Eosin in aqueous solution colors dead protoplasm 
intensely red, and is therefore especially applicable, for example, 
in the examination of sieve-tubes. 

37. Carmine Solution. The best carmine is dissolved in 
ammonia-water, the clearly decanted liquid evaporated to 
dryness, and the residue (preferably only as required) dissolved 
in 100 parts of hot water. This reagent is abundantly absorbed 
by many substances, for example by albumen and resins, also 
by the delicate cuticle of cells, so that, by an unequal coloration 
of the walls and constituent substances, many relations may be 
rendered clearer. 

38. HaBmatoxylin (3.5 parts in 100 parts of water) in com- 
bination with alum is an admirable coloring agent for cell- 
nuclei. 

Mounting Media. 

If it is desired to keep a preparation, it must be preserved in 
a medium which does not evaporate, and in which the structure 
of the preparation may be clearly retained. The most convenient 
to use for this purpose are certain preserving liquids, especially 
glycerin (specific gravity 1.250) or calcium chloride (one part of 
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the salt in three parts of water). These two liquids, particularly 
the first-named, leave most preparations unchanged, even after 
many years. Starch, however, is dissolved by calcium chloride, 
even when it is neutral. 

For firmer objects, sections of more compact drugs, for 
Lycopodiuin, and also for diatoms (provided they will bear some 
warming) Caiiada balsam may be employed as the mounting 
medium. The preparations must, however, have previously 
been repeatedly washed with alcohol. The section is then placed 
in Canada balsam which has been liquefied with a little warm 
chloroform, and finally in the slightly warmed balsam itself. 

A solution of gelatin in glycerin is also adapted for delicate, as 
well as for coarse preparations. This is obtained by gently 
warming one part of colorless gelatin with six parts of water 
and seven parts of glycerin. AVhen used, the mixture is lique- 
fied by warming. 

When Canada balsam or glycerin-gelatin are used, it is not 
absolutely necessary to specially cement the cover-glass, since 
the solidifying mounting medium holds the cover-glass firmly; 
but if glycerin or calcium chloride solutions are used as mount- 
ing media, it is necessary to cement the cover-glass. As varnish, 
either the ordinary black asphalt varnish or the yellow ** pre- 
pared gold-size " are employed. 
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Abortive i>art8 of the flower, 76 
Aboal Mena, 24 

Absorption of inorganic nutri- 
ment, 208 

of inorganic salts, 208 

of organic nutriment, 208 
Acetic acid. 270 
Acid, acetic, 270 

chromic, 268 

fllicic, 185, 246 

gallic, 185 

gal]o- tannic, 188 

hydriodic, 275 

hydrochloric, 269 

nitric, 145, 269 

phosphoric, 144 

stearic, 106 

sulphuric, 145, 269 

sulphuric, concentrated, 269 

sulphuric, dilute, 269 

tannic, 187. 271 
Acids, plant, 139 
Acropetalous, 78 
Actinomorphous, 78 
Adragantin, 164 
Adulterations, 16, 22. 85 
Aerating system, 235 
.^ffistivation, convolute, 68 

imbricate, 68 

plicate, 68 

valvate, 68 
Aj^umi, 27 
Aids to study, 48 
Air, 141 

dry, 141 

spaces, 187, 287 
Akenes, 84 
Albertus Magnus, 28 
Albumen, 87 
Albuminous substances, 285, 278 



Alburnum, 280 
Alcohol, 274 

absolute, 274 
Aleurone, 97 

granules, 97 
Alhervi, 23 
Alkaline solution of tartrate of 

copper, 272 
Alkaloid, 108 
Alkaloids, 139, 249 
Almond oil, 275 
Aloe, 144 
Alphita, 25 
Aluminium, 145 
Amalfi, 26 
Amentum, 78 
Amides, 189 
Ammonia water, 271 
Amygdalin, 135 
Amylo-cellulo«e, 170 
Amyloid, 123, 168 
Amylum, 108 
Anatomico-physiological system of 

tissue, 174 
Anatomy, 98 
Anatropous, 89 
Androeceum, 70 
Anemophilous plants, 74 
Aniline blue, 278 

brown, 278 

colors, 278 

sulphate, 277 

violet, Han8tein*s, 278 
Annual rings, 220, 221 
Annular vessels, 217 
Anthela, 79 
Anthers, 70 

halves of the, 70 

monothecous, 70 
Anthocyan, 104 
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Anthoxanthin, 104 
Apocarpous gynseceum, 78 
Apotropous, 90 
Apparent rings, 220 
Appendages of the epidermis, 182 

of the fruit, 91 

of the seed, 90 
Apposition, 111 
Arabin, 164 

Arabiuic acid, salts of, 169 
Arabs, ^8 

Archiv des Apotheker-Vereins, 54 
Areolated pits, 158, 218 
AriUus, 91 

Arnaldus de Viilanova, 25 
Arrangement of the leaves, 65 
Arrowroot, 115 

East Indian, 115 
Ash, constituents of the, 144 

estimation of the, 147 

obtainment of the, 146 

of plants, 144 
Asparagin, 185 
Asphalt varnish, 279 
Assimilating surface, 175 

system, 175 
Assimilation, 209 

products of, 102, 107, 119 

starch, 108 
Astrosclerelds, 200 
Asymmetrical, 78 
Atropine, 108 
Atropous, 89 

Autochthonous starch, 108 
Autumn wood, 221 
Avicenna, 23 
Axis, 78 

Bacca, 86 
Balsam, 251, 258 

passages, 251, 258 

passages, schizogenic, 254 
Bark, 62, 232 

green, 233 

of monocotyledons, 62 

parenchyma, 232 

pores, 241 

primary, 62 

rays, 63 

rays, secondary, 228 

secondary, 63 
Barks, fracture of, 63 
Basal placenta, 86 
Bassorin, 164, 167 



Bast, 62, 194, 217 

bundles, 63 

cells, firmness of, 196 

cell bundles, 197 

fibres, application of, 199 

horn, 164 

soft, 231 

tubes, 155, 156. 158 
Bean starch, 114 
Beet-root sugar, 142 
Bell, Jacob, 54 
Benedictine convents, 27 
Benzol, 274 
Berg. 41 
Berry. 86 
Bible, 19 
Bibliography of Pharmacognosy, 

58 
Bifacial leaves, 210 
Bitter principles, 189, 249 
Bock, 32 

Bordered pits, 153, 218 
Bork. 62. 188 

formation, 187 

ringed, 191 

scale, 191 
Bostryx, 64, 79 
Botanischer Jahresbericht, 55 
Botanisches Centralblatt, 55 
Bottle cork, 192 
Boyle, 38 
Bracts, 67, 70 
Branches, 62 
Bristles, 182 
Bromine, 145 
Brunfels, 33 
Brunschwig, 32 
Bud, 58, 91 

leaf, 91 

scales, 67 
Bulb, 59 

scales, 66 
Bulbodium tunicatum, 60 
Bulbous tuber, 60 
Bundles, bast, 63 

bast-cell, 197 

primary, 234 

vascular, 211, 218 
Buonafede, 36 

Calcium, 144 

carbonate, 185 
oxalate, 129 
phosphate, 134 
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Oalyculus, 70 
Calyptrogen, 175 
Calyx, 68 

leaves, 67, 68 
Cambiform, 217 

cells, 231 
Cambium, 220 

activity of, 221 

intrafascicular, 222 

ring. 220 
Campylotropous, 90 
Canals, schizogenic, 254 
Cane sugar, 141 
Caoutchouc, 249 
Capitulare, 24 
Capitulum, 79 
Capsule, 85 

wall of, 157 
Carbohydrates, 235 
Carmine solution, 278 
Carpel, 71, 73, 76, 84 
Carpophore, 83 
Caruncle, 90 
Caryopsis, 84 
Catalonians, 29 
Cataphylia, 66 
Catkin, 78 
Cato, 21 
Caulis, 63 
Caustic soda, 271 
Cavities, 235 

mucilage, 244 
Cecidise, 265 
<:^11, 98 

aggregates. 174 

change of form of, 148, 171 

contents of, 94 

fusions, 178. 217 

growth of, 148 

membrane, 148 

membrane, chemical behavior 
of, 160 

nucleus, 96 

passages, 241 

sap, 94 

wall, 94, 148 
Cells, bast, 156, 171, 194 

collenchyma, 194 

cork, 187 

crystal, 223 

daughter, 94 

epidermal, 181 

^ardian. 239 

isodiametric, 149 



Cells, latticed, 217 

Unes of, 244. 249 

mucilage, 244 

multiplication of, 94 

of leaf. 172 

organized contents of, 139 

resin, 263 

secerning, 254 

secreting, 244 

splferically polyhedral^ 149 

stone, 156, 200 

wood. 218. 223 

wood-parenchyma, 218, 223 
Cellular tissue, 174 
Cellulose, fungus. 160 

membrane, 159 

starch, 121 
Central rhizome. 59 
Centric leaves, 210 
Cerasin, 164 
Cerin. 161 

reaction, 269 
Chalaza, 89 
Changes of the drug on drying, 

140 
Charaka, 20 
Charlemagne, 24 
Chemical constituents, 16 
Chinese, 19 
Chloride of iron, 275 

of zinc with iodine, 275 
Chlorine, 145 
Chloroform, 274 
Chlorophyll, 100 

bodies. 100 

coloring matter, 100 

crude, 100 

formation of, 103 

granules, 100 

granules, fundamental mass 
of, 100 

pure, 100 

reactions, 104 

spectrum, 101 
Chlorophyllan, 101 
Chlorosis, 144 
Choripetalous, 68 
Choriphyllous, 68 
Chorisepalous, 68 
Chorisis, 77 
Chromic acid, 268 
Cincinnus, 64, 79 
Circinal vernation, 69 
Clusius, 31 
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Coalescence, 77 
Collagen layer, 166 
Collateral vascular bundles, 284 
C(^ecting, time for, 18 
Collections, 48 

of drugs, 48 

of plants, 45 
Collective fruits, 81 
CoUenchyma. 158, 171, IH 
CoUeters, 166, 184 
Colored epidermis, 181 
Coloring matters, 104, 189 

matters, crystalloid, 104 
Columella, 21 
Coma, 186 

Commercial policy of the Dutch, 
81 

relations, 15 
Compound starch granules. 111 
Concentrated sulphuric acid, 269 
Concentric vascular bundles, 284 
Conducting system, 218 
Conduplicate vernation, 69 
Coniine, 259 
Connective, 70 
Constantinus Africanus, 25 
Convent of St. Gall, plan of, 24 
Convolute asstivation, 68 

vernation, 69 
Copper, acetate, 271 

alkaline solution of tartrate, 
272 

ammoniacal oxide, 278 
Cordus, 82 
Cork, 161, 187, 288 

bands, 187 

cells, 187 

development of, 191 

fat, 159 

protective, 194, 264 

wound, 194 
Corky growths, 194 

growths en leaves, 194 

layer of barks, 187 
Corm, 60 
CormuR, 60 
Corolla, 68 

leaves, 67, 68 
Corona staminea, 71 
Corroded starch granules, 121 
Corrugate vernation, 69 
Corymb, 79 
Cost8B, 83 

secundarisB, 88 



Cotyledons, 67, 88 

Crusaders, 27 

Crystal-cells, 288 

Crystalloid coloring matters, 104 

Crystalloids, 98 

Crystals, 185, 244 

Cubebin, 185 

Cultivation of officinal plants, 11 

Cupula, 86 

Cuticle, 161, 179 

Cuticular layers, 180 

Cutin, 161 

Cyathium, 80 

Cycles of the flower, 75 

Cyme, 79 

Cymose, 64 

inflorescence, 79 
Cystoliths, 244 

Decussate, 65 
D6doublement, 77 
Deduplication, 77 
Dehiscence, 85 

of the anthers, 70 
Dehiscent fruits, 84 
Derma, 62 
Dermatogen, 175 
Dermatogenic gum-passagee, 251 
Description of drugs, 16 
Developing tissue, 174 
Development of cork, 191 
Dextrin. 189. 285 
Dextrose, 142 
Diagram of flower, 74 
Dichasium, 79 
Dichotomous svstem, 64 
Dichotomy, false, 79 

forked, 64 
Diclinous, 78 

Dicotyledonous flowers, 75 
Diocletian's edict (801 A.D.), 28 
Dioecious, 78 
Dioscorides, 21, 82 
Diplecolobese, 89 
Diplostemonous, 75 
Disk, 67 

extrastaminal. 67 

intrastaminal, 67 
Disorganization of the plant-cell,. 

164 
Dissepiments, false, 72, 84 
Dots, areolated, 152 
Double akenes, 88 
Drug, 139 
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Drugs, collections of, 48 

of the Orient, 29 
Drupe, 86 
Dry fruits, 84 
Dry weight, 141 
Drying arugs, 189 
Ducts, 247 
Duramen, 280 
Duty at Alexandria, 22 



Egypt. 17 

Bisodial opening, 289 

Elementary organs of the wood, 

228 
Elements, mechanical, 217 

specifically mechanical, 194 
Embryo, 86 
Embryonal leaves, 88 
Endocarp, 82 
Endodermis, 202 

single-rowed, 208 
Endophloeum, 62 
Endosperm, 87 

farinaceous, 117 

horn-like, 116 
Eosin, 278 
Epiblema^ 177 
Epicarp, 82 
Epidermal cells, 181 

glands, 246 

tissue, system of, 175, 176 

water-tissue, 285 
Epidermis, 176 

colored, 181 

of root, 176 

of several layers, 177 

strengthening layers of, 177 
Epigaea, 91 
Epigynous, 72 
Epipetalous, 75 
Episepalous, 76 
Epithelium, 254 
Epitropous, 90 
Ether, 274 
Etiolation, 103 
EtioUn, 103 
Excrescences, 265 
Excretions, 241 

receptacles for, 241 
Exine. 71 
Exogenous, 64 
Exophloeum, 62 
Extrorse, 70 



Falloppio, 87 
False dichotomy, 79 

dissepiments, 72, 84 
Farinaceous endosperm, 117 
Fat, 105 

Fatty oiJ, 105, 276 
Fehbng's solution, 272 
Female organs of the plant, 71 
Fernandez (Oviedo), 33 
Ferric chloride, 276 
Ferrous sulphate, 276 
Fertilization, 73 

by insects, 74 
Fibres, 198 

animal, 199 

bast. 199 

plant, 199 
Fibrous tissue, 199 
Fibro- vascular bundle, 218 
Figurative representation of inner 

structure, 50 
Filament, 70 
Filicic acid, 185 
Filling tissue, 176 
Firmness of bast-cells, 196 
Fiagella, 57 
Florence, 26 

Florentine Levant trade, 26, 29 
Flos, 68 
Flour, 118, 186 
Flower, 67, 68 

cycles of, 75 

formulas of, 76 

receptacle of, 67 

stalk, 68 

leaves of the, 67 
Flowers, 68, 67, 81 

dicotyledonous, 75 

tetracyclous, 76 

tricyclous, 76 
Fluorine, 145 

Folding of the membrane, 211 
Folia, 66 
FolUcle, 84 

Forked dichotomy, 64 
Form of leaves, 66 
Formation of organic substances, 

209 
Formulas of the flower, 76 
Frankfurter Liste, 80 
Fructifying column, 71 
Fruit, 81 

leaves, 71 

pulp, 82 
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Fruit sugar, 142 
Fruits, 81 

collective, 81 

dehiscent, 84 

dry, 84 

forms of, 82 

indehiscent, 84 

stone, 86 

succulent, 85 

winded, 84 
Fuchs, 83 
Fuchsine, 278 
Fulda, 27 

Fundamental mass of chlorophyll 
granules, 100 

tissue, 176 
Funiculus, 86 
Fungus cellulose, 160 

galls, 265 

sugar, 142 

Gallic acid, 135 
Galio-tannic acid, 188 
GaUs, 265 

fungus, 265 

insect, 265 
Gamopetalous, 68 
Gamophyllous, 68 
Gamosepalous, 68 
Garcia*s Colloquios, 31 
Garcia de Orta, 30 
Gebe & Co., 8 
Gelatin in glycerin, 279 
Gelatination, 166 
Genoa, 26 
Geoffroy, 5 

Geographical distribution, 10 
Germinating plant, 60 
Germination, 60 
Gesner, 82 
Ghini. 36 
Glands, epidermal, 245 

intercellular, 246 

internal, 246, 250 

secreting wax, 185 
Glandular hairs, 244 

hairs, internal, 245 

heads, 245, 263 
Globoids, 98 
Glossaries, 28 
Glucosides, 139 
Glume, 67 
Gluten, 235 
Glutinous layer, 98 



Glycerin, 278 

ethers, 161 
Granulose, 121 
Grape sugar. 142 
Grass oils, 244 
Green bark, 233 
Growing point, 94, 174, 220 
Growth in length, 171 

in thickness, 171 
Guibourt, 5, 40 
Gum, 163 

disease, 165 

mucilage, 166 

pathological, 166 

physiological, 166 

resin, 263 

varieties of, 164 

wound, 167, 264 
Gummosis, 166 

of the Amygdalead, 166 
Gynseceum, 71 

syncarpous, 78 
Gynandrous, 71 
Gynostemium, 71 

Hadrom, 217 
Hsematoxylin, 278 
Hair formations, 182 

formations secreting resin, 184 
Hairs, 113, 182, 199 

chaffy, 182 

glandular, 166, 184, 245 

inner, 187 

multicellular, 182 

root, 208 

stellate, 182 

stinging, 182 
Half-underground organs, 58 
Halophytes, 145 
Hanstein^s aniline violet, 278 
Haustoria, 208 
Head, 79 
Heart-wood, 230 
HerbaB, 63 
Herbaria, 45 
Herbs, 63 
Hermaphrodite, 73 
Hernandez, 33 
Hesperidin, 135, 143 
Heterophyllous, 66 
High leaves, 67 

leaves, involucre of, 70 
Hildegard, 27 
Hilum, 89 
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Hilum of starch, 109 

History, 17 

History of Pharmacognosy, 17, 58 

Hoffmann, 88 

Horn-bast, 164 

bast, prosenchyma, 164 . 

endosperm, 116 
Horti Oerinanise, 32 
Hortus Sanitatis, 33 
Hutten, 82 
Hyaloplasm, 94 
Hybrids, 74 
Hydriodic acid, 275 
Hydrochloric acid, 269 
Hypanthium, 67 
Hypanthodium, 81 
Hypertrophies, 265 
HyphflB, 123, 172 
Hypocotylous member, 60 
Hypoderma, 177 
HypogsBa, 91 
Hypogynous, 72 
Hypsophylla, 67 

Hysterogenic secretion recepta- 
cles, 263 

Ibn Alawam, 28 
Ibn Baitar, 23 
Ibn Batuta. 28 
Idioblasts, 243 

containing albumen, 243 
Idrisi, 28 
Illustrations of drugs, 49 

of officinal plants, 47 
Imbricate sBstivation, 68 
India, 23 
Indol, 269 
Inferior ovary, 72 
Inflorescence, 78 

compound forms of, 79 
Inner bark, 62, 232 

cork, 188 

fruit layer, 82 
Inorganic compounds in the cell- 
membrane, 139 
Integuments, 86 
Intercellular glands, 246 

resin receptacles, 250 

secretion receptacles, 251 

spaces, 174, 235 

substance, 162, 173 
Internal glands. 250 

glandular hairs, 187 

hairs. 187 



Internodes, 65 

Intine, 71 

Intrafascicular cambium, 222 

Introrse. 70 

Intussusception, 111, 118 

Inulin, 124 

Inventory of the pharmacy at 

Brunswick, 85 
Invert sugar, 142 
Involuceilum, 79 
Involucre, 79 

of high leaves, 70 
Involute vernation, 69 
Iodide of mercury and potassium, 

276 
Iodine, 145, 275 

in potassium iodide, 275 

solution, 275 

tincture, 276 

water, 275 

with glycerin, 276 
Irish moss, mucilage of, 167 
Iron, 144 

chloride of, 276 
Isodiametric cells, 149 
Israelites, 19 
Istachri, 23 

Jahresberichte, 54 
Japan, 20 
Jesuits. 20 
Jugse, 83 

Kew botanical gardens, 12, 44, 45 
Khurdadbah. 23 
Kino, 144 
Kyphi. 18 

Labellum, 68 
Lacunae, 237 
LsBvulose. 142 
Lamina of leaf, 65 
Lateral axis, 64 

branches, 64 

walls of epidermis cells, 181 
Latex cells, 248 

tubes, 242, 247 
Laticiferous ducts, contents of, 
249 

vessels, 248 
Latticed cells, 217 
Leaf buds, 91 

cells, 172 

lamina of, 65 
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Leaf, margins of, 200 

merenchyma, 172, 211 

nodes, 65 

sheath, 66 

skeleton, 213 

spectrum, 101 

stalk, 65 
Leather, formation of, 189 
Leaves, 64 

bifacial, 210 

centric, 210 

floral, 67 

foliage, 66 

insertion of, 65 

position of, 60 
Legume, 84 
Legumen, 84 
Lemery, 6 
Lenticels, 241 
Leptom, 159, 217 
Levant trade in the middle ages, 25 

trade of Venice, 26 
Uber, 62 
Libriform, 217 

ceUs. 199. 217, 228 
Lichen-starch, 170 
Lichenin, 128, 170 
Ligna, 61 
Lignification, 160 
Lignified membrane, 160 
Lignin, 159, 160 
Ligula, 65 

Linseed mucilage, 166 
Liquid paraffin, 275 
Literature, 46 
Lithium. 145 
Loculicidal, 85 
LodiculaB, 70 

Lorenzo de' Medici in Florence, 29 
Lumen, 94 
Lysigenic balsam-passages, 170, 251 . 

gum-passages, 251 

oil-passages, 268 

passages, 248 

receptacles, 248 

Macer Floridus, 25 
Magnesium, 144 
Maize starch, 112, 116 
Male organs of the plant, 70 
Manganese, 145 
Mannite, 143 
Maranta starch, 115 
Marcgraf , 34 



Marco Polo, 20, 80 
Marino Sanudo, 29 
Martius, 5 
Masudi, 28 
Mechanical elements, 217 

system of tissue, 194 
Medicinal substance, 6 
Medico-pharmaceutical botany, 46 

descriptive works, 47 
Medico-pharmaceutical zoology, 48 
Medulla, 223 
Medullary cells, 172 

crown. 234 

rays, 228 

rays, secondary, 228 

sheath, 284 
Melitose. 142 
Membrane, cellulose, 159 

conversion into gum, 166 

lignified, 159 

metamorphosis of, 166 

suberized, 159 
Mercurous nitrate, 277 
Merenchyma, 172 

leaf, 172, 211 
Mericarps, 83 
Meristem, 174 

zones. 175 
Mesocarp. 82 
Mesocarpium, 82 
Mesophloeum, 62 
Mesophyll, 211 
Mestom. 217 
Mesne, 28 

Metamorphosis of membrane, 166 
Methyl green, 278 

violet. 278 
Micellae, 118 

Micro-chemical reagents, 268 
Micropyle, 89 
Microscope, 48, 98 

use of, 48 
Microscopical preparations, 46 

structure. 16 
Microsomes, 94 
Middle bark. 62. 238 

lamella, 162, 173 

layer, 82 
Milk juice. 140 

sugar, 142 
MiIlon*8 reagent, 277 
Mineral constituents. 144 

constituents of plants, 144, 145 
Monadelphous, 71 
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Monardes, 33 
Monoclinic oxalate, 129 
Monocotyledonous flower, 76 
Monoecious, 73 
Monographs, 58 
Monomerous ovaries, 71 
Monopodia! system, 04 
Monopodium, 64 
Monothecous anthers, 70 
Monte Cassino, 25, 27 
Morphology, 56 
Mother-cell, 94 
Mounting liquids, 278 
Mucilage, 163 

cavities, 244 

ceils, 244 

glands, 263 

passages, schizogenic, 263 

plant, 164, 167 

quince, 164, 166 

sugar, 142 
Mucilaginous substances, 164 
Mycocecidise, 265 
Myoose, 142 

Naming the mother-plant, 9 
Nectaries, 67 
Nerves, 211 

ends of, 213. 218 
Netted vessels, 217 
Neumann, 88 
Nicolaus PrsBpositus, 25 
Nitric acid, 145, 269 
Nodes, leaf, 65 
NSrdlinger Register, 30 
Nuclein, 96 
Nucleolus, 96 
Nucleus, 86, 96 

of starch, 109 

sheath, 202 
Nutlets, 72 
Nux, 84 

Oat starch, 117 
Obdiplostemonous, 76 
Obdurator, 90 
Oil, 235, 260 

almond, 275 

cells, 243 

fatty, 105, 275 

passages, 242, 251 

receptacles, 250 

spaces, 251 

tubes, 83, 258 
19 



Olein, 107 

Opisthial opening, 289 

Optical behavior of bast-tubes, 158 

behavior of stone-oells, 158 
OrthoplocsB, 89 
Orthotropous, 89 
Oudemans, 41 
Outer bark, 288 

wall of epidermal cells, 181 
Ovaries, polymerous, 71 
Ovary, 67, 71 

inferior, 72 

superior, 72 

walls of, 72. 82 
Ovule, 78, 86 
Oxalate crystals, 129 

crystals, aggregates of, 182 

Padua (Garden), 87 
Pappus, 69, 91 
Parasites, 208 
Parasitism, 266 
Palisade cells, 172 

layer, 210 

parenchyma, 210 
Palladius, 21 
Paknitin, 135 
Paraffin, 275 

Uquid, 275 
Parenchyma, 172 

bands, 220 

cells, 151 

rays, 228 

spongy, 211 
Parietal placenta, 86 
Pasi, Paxi, 80 
Pathological formations, 264 

gum, 166 

tannin, 189 
Pectin substances, 170 
Pectose, 164 
Peduncle, 68 
Pedunculus, 68 
Pegolotti, 29 
Pellucid points, 268 
Pentacyclous flowers, 76 
Pentamerous circles, 76 
Pen t*sao kang mu, 20 
Pepper, 22, 26 
Pereira, 5 
Periblem, 175 
Pericambium, 284 
Pericarp, 81, 82 
Pericarpium, 82 
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Periderm, 62, 187 
Peripon, 68, 69, 70 

leaves, 75 
Perigynous, 72 

Periplus of the Erythraean Sea, 22 
Perisperm, 88 
Permanent tissue, 174 
Petals, 67, 69 
Petiole, 65 
Petiolus, 65 

PharmaceuticalJoumal and Trans- 
actions, 54 
Pharmacognostical systems, 41 

text-books and manuals, 51 
Pharmacognosy, 6 

bibliography of, 58 
PharmaccHogy, 4 
Pharmacopoeias, 38 
Pharmacy in Dijon (1489;, 30 
Phelloderm. 187 
Phellogen, 187 
Phellonic acid, 161 
PhloSm, 159, 217 
Phloroglucin, 187, 277 

reaction, 161 
Phoenicians, 19 
Phosphoric acid, 144 
Phyllocladia, 61 
Phyllodia. 61 
Physica, Hildegard*s, 27 
Physiological gum, 166 

tannin, 139 
Picrotoxin, 135 
Piperarii, 26 
Piperin, 135 
Pisa, 26, 37 
Piso, 34 
Pistil. 71 
Pits, areolated, 153, 218 

bordered, 153, 218 

dotted, 152 
Pitted vessels, 217 
Place of attachment of the leaf, 65 
Placenta, 86 

basal, 86 

central, 86 

parietal, 86 
Plan of the Convent of St. Gall, 24 
Plant acids, 139 

fibres, 199 

mucilages, 164 
Plants, collection of, 45 

unicellular, 174 
Platearius, 52 



Plerom, 175 

Plicate aestivation, 68 

vernation, 69 
Pliny, 21, 22 
Plumule, 88 
Pollen, 70 

cells. 70 

grains, 71 

grains, receptacles of, 70 

sac, 70 

tube, 73 
Pollinaria, 71 
PoUinia, 71 
Polyadelphous, 71 
Polycarpic flower, 78 
Polygamous, 73 
Polymerous ovaries, 71 
Pomet, 5 
Pore canals, 151 

capsule, 85 
Pores, 151, 215 
Porus, 239 

Potassio-mercuric iodide, 276 
Potassium, 144 

chlorate, 269 

hydroxide, 272 

sodium tartrate, 272 
Potato starch, 112, 114 
Pratica delta mercatura, 29 
Prepared gold-size, 279 
Prickles, 182, 186 
Primary axis, 78 

bark, 62 

bundles, 234 

ribs, 83 

roots, 56 
Primordial utricle, 94 
Projection of a flower on a plane, 

74 
Prosenchyma, 172 

horn-bast, 164 
Protein bodies, 88, 95 

crystalloids, 98 

granules, 97 

substances, amount of, 100 
Protogenic gum passages, 263 
Protoplasm, 94 

circulation of, 183 

reactions, 96 
Pruinosus, 163 
Pseud-axis, 79 
Pseudo-fruits, 81 

parenchyma, 173 
Pulp, 82 



INDEX. 



201 



Pulpa, 82 

Pulvis contra omnes Febres, 24 
Pyrocatechin, 136 
Pyxidium, 85 

Quadratic oxalate, 131 

Quercitrin, 136 

Quince mucilage, 164, 166 

Raceme, 79 
Racemose, 64 

inflorescence, 78 
Racemus, 79 

Radial vascular bundles, 234 
Radicles, 60, 88 
Radicula, 88 
Rami, 62 
Ramification, 64 

system of, 64 
Raphides, 129 
Rays of the umbel, 79 
Reactions of fats, 107 

of grape sugar, 271 

of starch, 122 
Receptacle, 67 

of the flower, 67 
Receptacles for excretions, 241 

for reserve substances, 235 

for secretions, system of, 251 

of the pollen grains, 70 
Receptaculum, 67 
Reformation der Apotheken, 33 
Regimen sanitatis Sulernitauum, 

25 
Report on the progress of phar- 
macy, 55 
Reserve nutritive substances, 59, 
100, 118 

receptacles, 235 

starch, 108 
Resin, 242, 260 

canals, 263 

cavities, 263 

cells, 263 

formation of. 170 

passages, 253 

receptacles, intercellular, 250 
Resorption of the transverse walls, 

170, 173 
Respiratory cavity, 250 
Resupination, 78 
Revolute vernation, 09 
Rhachis, 78 
Rhaphe, 90 



Rhizomata, 58 
Rhizome, 58 

central, 59 

lateral, 59 
Rhytidoma, 62, 188 
Rice starch, 112, 117 
Rima, 70 
Ringed bork, 191 
Root, 56, 58, 59, 118, 213 

branches, 56 

epidermis of, 176 

fibres, 57 

hairs, 57, 182, 208 

primary, 56 

secondary, 57 

stock, 58 

tip of, 56 
Rumphius* Herbarium 

nense, 31 
Runners, 57 
Rutin, 136 
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Saccharose, 142 
Saffron, 22, 35 
Sago starch, 113 
Salernitans, 25 

Salerno, medical school of, 26, 27 
Samara, 84 
Sap-wood, 230 
Sarcocai*p, 107 
Scalariform vessels, 217 
Scale-bork, 191 
Scales, 245 
Scheele, 38 
Schizocarps, 83 

Schizogenic balsam passages, 251, 
263 

canals, 254 

mucilage passages, 263 

receptacles for secretions, 254 
Schleiden, 40 
Schnitzels macerating liquid, 160, 

269 
Sclereids, 157. 171, 200 
Sclerenchynia, 200 
Sclerotium, 173 
Scutellum, 208 
Secerning cells, 254 

trichomes, 184 
Secondary bark, 62 

l>ark rays, 228 

growth in thickness, 220 

medullary rays, 228 

rhizome, 69 
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Secondary ribs, 88 

xylem rays, 228 
Secreting cells, 244 
Secretion, receptacles of, 251 

receptacles of, formed by cell 
fusion, 268 

receptacles of, intercellular, 
268 
Secretions, 184, 242 

Cleans of, 242 

scnizogenous receptacles for, 
254 
Seed, 87 

appendages of the, 90 

integuments of, 87 

nucleus of, 87 

shell, 87 

testa, 87 

vessel, 86 

yield of, 74 
Sepals, 67, 68 
Septicidal, 85 
Septifragal. 85 
Serapion, 28 
Sertamer, 89 
Sheath, 66, 79 

nucleus, 202 
Sieve plates, 281 

portion of vascular bundle, 218 

tubes, 217. 281 
Silica, skeleton of, 145 
Siliqua, 84 
Silicium, 144 
Soda, caustic, 271 
Sodium, 144 

hydroxide, 271 
Soft bast, 281 
Solit&r, 99 

Spaces, intercellular, 174, 235 
Spadiz, 79 
Spathe, 79 
Specifically mechanical elements, 

194 
Spectrum of chlorophyll, 101 

of leaf, 101 
SphsBro-crystals, 111, 126 
Spica, 78 
Spike, 78 
Spiral vessels, 217 
Spirolobeae, 89 
Spongy parenbhyma, 211 
Spores, 71, 150 
Spring- wood, 221 
Spur, 68 



SquamsB, 66 
St. Gall, 24, 27 
Stamen, 67 
Staminodia, 71, 75 
Starch, 108 

assimilated, 108, 120 

autochthonous, 108 

bean, 114 

celli^ose, 121 

composition of, 121 

formation of, 111, 119 

granules, compound. 111 

granules, corroded, 121 

granules, form of, 112 

granules, size of, 128 

hilum of, 109 

lichen, 128 

maize, 112, 116 

maranta, 115 

nucleus of, 109 

oat. 117 

pattis of, 119 

potato, 112, 114 

reserve, 108 

rice, 112. 117 

sago, 113 

sheath, 120, 206, 281 

transitory, 120 

wheat, 112, 115 
Stearic acid, 106 
Stearin, 185 
Stellate hairs, 182 
Stem, 61 

organs of, 60 

structures, 60 

structures, form of transverse 
section, 61 

summit of, 64, 174 
Sterelds, 194 
Stereom, 194 
Stigma, 78 

papillad of, 78 
Stinging hairs, 182 
Stipites, 61 • 

Stipulae, 66 
Stipules, 66- 
Stolons, 57 
Stoma, 239 
Stomata, 288 
Stone cells, 156, 158, 171, 200 

fruits, 86 
Storage system, 285 
Stratmcation, 154 
Stroma, 100 
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Strychnine, 185 
Style, 73 
Stylus, 73 
Suberin, 159, 161 
Suberized membrane, 162 
Substance, intercellular, 163, 178 
Substitutions, 16 
Sugar, 139, 141, 285 

cane, 141 

beet-root. 142 

fruit, 142 

grape, 142 

invert, 142 

milk, 142 

mucilage, 142 

sheath, 281 
Sulphuric acid, 269 

acid, concentrated, 269 

acid, dilute, 269 
Superior ovary, 72 
Surface growth, 148, 171 
Susruta, 20 
Suture, dorsal, 84 

ventral, 71, 84 
Swarm spores, 98 
Symbiosis, 266 
Sympetalous, 68 
Sympodium, 64 
Symsepalous, 68 
Syncarpium, 88 
Syncarpous gynaeceum, 78 
System, absorbing, 208 

aerating, 175, 235 

assimilating, 175, 209 

conducting, 175, 213 

dichotomous, 64 

epidermal, 175, 176 

mechanical, 175, 194 

monopodial, 64 

of ramification, 64 

of receptacles for secretions, 
175, 241 

storing, 175, 235 
Systems of tissue, 175 

pharmacognostical, 41 

Tannic acid, 137, 271 

matter, 137 

matter, estimation of, 188 
Tannin, 125 

pathological, 139 

physiological, 139 
Tap roots, 56 
Taripha, 30 



Tendrils, 67 
Tensions, 111, 154 
Testa of seed, 87 
Tetracyclous flowers, 76 
Tetramerous circles, 76 
Thecae, 70 
Theobromine, 185 
Theriac, 35 
Thyllce, 194 
TisiBue, cavities in, 235 

fibrous, 199 

filling, 176 

fundamental, 176 

permanent, 174 

systems of, 175 

transpirating, 238 
Torus, 67 

Trabecular vessels, 217 
Tracheae, 217 
Trachelds, 217, 218, 228 
Trade-books, 28 
Tragus, 32 

Transitory starch, 108 
Treatment of the subject-matter, 8 
Trichome formations, 245 
Trichomes, 182, 185 

secerning, 184 

secreting nectar, 185 
Tricyclous flowers, 76 
Trimerous circles, 76 
Trommer's reaction, 142 
Trommsdor£f, 5, 39 
Trunci, 62 
Tubers, 59 
Tuft of hairs, 246 

Typical structure of vascular bun- 
dles, 217 

Umbel, 79 
Umbellet, 79 
Under leaves, 58, 66 
Underground organs, 56, 58 
Unicellular plants, 93 
University garden, the first botani- 
cal. 37 

of Bologna, 86 

of Padua. 36 

Vacuoles, 94 
Vagina, 66 
Valerius Cordus, 31 
Valleculaj , 93 
Valvate aestivation, 68 
vernation, 69 
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Valves, 70 

VanilliD, 185 

Varro, 21 

Vascular bundle rinK« 229 

bundle sheath, 202 

bundles, 211, 218 

bundles, typical structure of, 
217 
Venice, 26 
Vernation, circinal, 69 

conduplicate, 69 

corrugate, 69 

involute, 69 

plicate, 69 

revolute, 69 

valvate, 69 
Vessels, 171, 217, 228 

annular, 217 

netted, 217 

pitted, 217 

scalariform, 217 

spiral, 217 

trabecular, 217 
Vesuvine, 278 
Vexillum, 68 
VittfiB, 88, 258 
Volatile oils, 140, 242 

Water, amount of contained, 189 

cultures, 146 
Wax, 163 
Weddel, 40 



Wheat starch, 112, 115 
Winged fruits, 84 
Wood, 61, 228 

autumn, 221 

cells, 218, 223 

elementary organs of, 228 

fibres, 228 

heart, 230 

parenchyma, 217, 218 

parenchyma cells, 218, 223 

rinK of dicotyledonous stems, 
222 

sap, 280 

spring, 221 
Wooay substance, 160 
Wound cork, 194 

gum, 167, 264 

Xanthophyll, 100 
Xanthoprotein reaction, 272 
Xylem, 217 

rays, secondary, 228 
Xylogen, 160 

Year book of pharmacy, 54 

Zinc chloride with iodine, 276 
Zoidiophilous plants, 74 
Zoocecidia, 265 
Zottenkopf, 246 
Zygomorphous, 78 



CORRIGENDA. 

Page 170, for lacticiferous, read laticiferous. 

Page 172, notes 2 and 5. Here and in a few other places the Greek ac- 
cents have been broken oS during the printing. 

Page 211, second line from top, for falling off of the membrane, read 
folding of the membrane. 

Page 235, sixth line from top, for tubes, read tubers. 
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